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TP ecther with fundry fuch Motions, both § straight and | 
Grenlar, performed by the helpe-of Fire, as are not 


f to be found in any other Difcourle of this kind, 
a | _ Extant imany Language. 


| WV hereunto i is sannexed afhorteT Rea Tiss of Ps | 


| metrié, contayning certaine Definitions and Problemes, 
- the hei Root to 25000,and the Cubick Rootto tocco 
_ Latus , weberein all Roots under thofe Numbers are 
- entratied onely by Ocular I netting 
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THERIGHT HONOY- 
RABLE; THE EARLE OF 


Newport,Mafter of his Majefties Ordnance, 
my fingular good Lord. 


Right Honourable : 
peanr2 Am not induced to prefent this 
oe) [0932 Treatife to your Lordfhip for any 
ean oye 7x* worth thatis either in it, orin my 
Y Rey i felfe,the Author of it; the thing be- 

aa ing of fmall moment; and my felfe 
ofas little account : but your Lordfhins: fingular 
clemency toall, and your Honourable favour 
vouchfafed to me in particular, hath made me thus 
bold, and hath caufed me thus farre to prefume. { 
have beene for certaine yeeres paft, and fo'at pre 
fent am, one of the inferiour Gunners of his Maje- 
ftie. and ever fince I held that place, I have endea- 
voured to gaine fuch skill and experience, as I e- 
fteemed moft requifite for that fervice. And to that 
end I have beftowed fome time and expence,as my 
occafions and ability would permit, im the practile 
of eArtillery and Fire-workes , wherein though I 
havechiefly aymedat fuch conclufions as might 
be ufefullagainft an enemy in the field, yet thele 
halcyon dayes of peace and tranquility, which 
Sa2 through 


Lhe Epifile Dedicatory. 


through the goodnefle of God we have folongen- | 


joyed, have given mee occafian to invéntand prae 
étife fuchalfo as thefe following, which howfoever 
they may feeme to ferve onely for delight and exer- 
cife, yet as by the handling of thefe there may bee 
gained knowledge in the natures and operations of 
the feverall ingredients and their compofitions; {6 
the due confideration of the ordering of them ma 

excite and {tirreupinan ingenious minde, fundry 
inventions more ferviceable in times of “warre. 
Now becaufe your Lordfhip hath of late, by the 
gratious providence of the Almighty, for your ex- 
traordinary wifedome and worth, beene advanced 
to thateminent place, upon which I have fome de- 
pendance, and to which I ftand obliged by my {pe- 


ciall fervice (to which alfo all workes of Pyratech- 


eo 


niemay feeme to have relation) holdit my boun-, 


den duty to prefent thefe firft fruits of my labours 
to your Honour,as an unfayned teftimoiy,and an 
undoubted evidence of my faithfull obfervance,and 
fingular re{pect to your Lordthip : which if you 
{hall be pleafed to take into your {pecial Patronage 
and protection, I fhall be in. good hope to be freed 
both from the venomous tooth of A4omus, and 
from the malevolentafpect of Zoilus, and from the 
poyfoned breath and ftinging of the reft of that vi- 
perous brood,and fhall alwates remaine _. 


Your Honours in all dutifull obfervance,.... 


loun Basinatown. 
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| THE READER. 


Courteous Reader, 


7» Aving for mine owne private recreati- 
’ On, pent fome.vacani houres in the 
kp /ludy and contemplation of thofe ar- 
ONY tifciall Fire-works which are dif- 
SeArees courfed of inthe enfuing Treatife, F 
hela it requifite for my further and better fatisfacti- 
on, as any opportunity déd offer it felfe, to make expe- 
riment of fome of the particularities there fet downe, 
and Ldidaccordingly now and then bring into Act 
that whereof before [had but a meere Notion, and 
the bare and naked Yheorie: which becaufe it could 
not be done Jo privately, but that of necefsity fometimes 
it would come to the view of others; by that meanes it 
1s come to paffe, that more notice than F was ever wil- 
ling to, bath beenetaken, that F have beftowed fome 
thoughts upon that fubiett, and taken more than ordi- 
nary painesin it. And not foonely, but thereupon ailfo 
Some of my intimate friends and acquaintance, who 
have. afpeciall intrefin me, have beene very inflant 
and urgent with me that F would make my labours 
more publike, and communicate them to the world, by 
committing them tothe Preffe : whereto though F was 
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SCS the Reader, 
a long while utterly unwilling, as being confcious to thy 
felfe of mine owneinabil:ty and infufficiency to devife 
and contrive any thing worthy to come to fuch publike 
view, yet their importunity bath at laft fo farre pre- 
yailed with me, that thofe rude and unpolifbed lines 
are now like to fee the Sunne,; and to come abroad to 
be fcanned and cenfured by others. Ff thon fhalt looke 
upon them with a faire and favourable eye, I/hall bee 
encouraged to beftow my paines upon fome other thing, 
which may bappily give thee more content, andin the - 
meane while fhall reft- ) oo Sn 


Thy true friend and well-willer; 
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Amici & in Arte Mathefos 


~ celeberrima Socit. 


He pleafant obje& of clofe atdent Bowres, © 
Envelloped with Florae’s fragrant flowees, © 
The goodly Profpea of Skie-kifsing Hils, 
Or fertile Plaines vein’d ore with purlingRilss _.... 
More ravith not my fences with delight, 
Then doth thy PyrotechniesMany write .. . 
Of Arts inthemfelves worthy, but their worth - 
Is much impairde by thofe that fecthem forth , 
Wholly unskill'd in Megathologie, feinent A 
The very foule of each deepeMyftetie.. - «. . 
I with fuch hallow men would meddle leffe, . . 
And with theis fenfeleffe tuffe notcloy the Preffe. 
Allfuch his Schooleto paffe by Plato-wilde > .. 
In beautifull Geometric'not skild. ..- 
Well hatt thou then my Friend expteft thy Arc, 
Since this race Science hath the greater pact 
Shard in thy Worke, giving it winged fire,, 
To mountit up-aloft,anddecktheayre 
With fplendent ttars, filyer and goldendhowers;, 
Thefe are th’effedts of Marhematick powets: 
Which crowntheir 4uthors temples not with bayes, 
But with a wreath of ftars and fulgentrayes. 
Fairly goe on, thy felfefuch Tropbies reare, 
That neither Time not En vie may outweare; 


Tho; Seutevill, Philomathes: 
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FEST SAT 


Vnto his worthy F riend, and induftrious Artift, 
' Mafter loun BaBINGTON. 


V J Hen as did thy Booke by chance efpie, 
_ VY. With divers figures gract, moft curion|ly 
—  Contriv dal new and of thine own invention, 
With fundry Engines made by iuf? proportion ; 
I did admire thy skill, thy atti ve braine, 
Whereby thofe things thou didft fo-well attaine : 
juflly Imight, for of no Nation yet, - 
There's any bath this path fo fully beat ; 
Nor laid thofe grounds that thou haft done, whereby 
We might artaine to things that tend fo high. : 
For fencele{fe things swith life thou fem? to jill, 
Making them wondred at by common skill. 
Thon fundry doubts unfold ft, and with mucheafe, . 
Thou teacheft us to meafure Land and Seas. 
When as I thought on thefe, and knew how rare 
- Men thus additted, and thus given were, 
: My mind, my band, my band did force my pen, 
T’ offer my mite of thankes ‘mongSt other men. 
Accept it then, and letitne leffe bee 
Pleafing then greater gifts are unto thee. 


"Thy truly affectionate , and wel-- 
"withing Friend, 
Fobn Bate 
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I f Twere worthy to extoll the Name 

O f him chat {pends the’Elixer of his {pirits, 

Hi ow rare definde, I fhould fet forth the fame, 

N ere thould] flinch; for why thy great demerits 

B ravely fhould arme me boldly to oppole 

A gainft thy Criticks and back- biting foes , 

B rave man of worth proceed - the rareft wits, 

I f thy rare Worke doc come but in their view, 

N_ cre doubr, but shey as foone as God permits, 

G reat loveand aid will then exprefle to you, 

T hatfpends your time, {pirits, and great expence 

O n Countries good for love, not recompence. 

N_ ow tellme thouthat hafta Tallent lene, 
Which was receiv’d from God Omuipotent , 
And hor'dft it up, burying ix withthy Name, 
Icthere takes Period, ending with thy frame. 

When this my Authors fame, liuft prefage, 

Shall flourifh ftill, and not weare out with age. 


Thy Friend louwN Hicks, alias 


Bridebampton Gunner, 
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A Treatife of 
ARTIFICIA LL FIRE-VVORKS, 
moft of them being invented and ap- 


- proved by the Author. 
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CHaprer I, 


How to make all forts of moulds,in a true proportion, 
with the Rowlers and Drifts. 


Hat I may fet downe thetrue procee- 
dingin Fireworkes, it is requifite in the 
firft place to lay downe the true order and 
forme of making all forts of moulds, afwell . 
greater aslefle : and to proceed, you mutt 
get of the beft drie Box youcan finde’; if 
not, offome other tough wood, as Crabbe. 
trec, Holly,or fuch like wood, which when 

— you have provided according to your fize 

you meaneto uf , ie bchoveth in the next place to be known, of what 

diameter you will have the heighth of your bore, and from thence all she™ 
reftis derived: For example, I defire to have one bored of aninch high, 
which I get bored by fome Turner; andto know of what length it muft 
be, J take for the fayd length fix diameters of the bore, which maketh 
fix inches, and for the thickneffe it ought to be halfe a diameter on each 
fide, fo that being turned erie round, it contaynes two inchesin diame- 
ter, ‘Then have you te provide a bottome, whichis to be fitted in fach 
fort as you fee defcribed in this figure : che proportions heerafcer follow. 


A ts the foot of the monkd, and isin heighth two diameters, which muff bee 
twoixches ; and one diameter and % in breadth, whether it bee {quare or 
round. : oe: i = 
B ferveth only for aftay, and muft arife one inch inte the mould, which a 
one diameter, and fo proportionallin all other forts. 

C4 for the mouth of the rocket, and isin diameter % of the bore ; fofetting 
one fost of the compaffes in the center, defcribe the arch, which zs the ful 
heighth required, , 
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ee 
EE (erveth for the paper besng rowled, and is ~ part of the diameter on each 

fide. 

F F is the thickneffe of the mould, which is halfe the diameter of tie bore 
that ts in thes place halfe ansnch, 

F G thelength of the mould, which ts fixe diameters, 

D the length and bigneffe of the needle, whiches3 the Length of the mould, 
and bigneffe to be: of the diameter of the bore at the bottom, and fow taper to 
the top. 


When you have provided your mould according to your defire, then 
you areto fit your rowler, which maft be two third parts of the diame- 
ter ofthe bore of the fayd mould, and the lengehthereofto bee fix inches 
longer than your mould, which is for the roling of your paper, and is 
defcribedby the letter A in this fecond figure, with a hole to be bored in 
the bottom toreceive a wyer, which muft bee faftned in another peece of 
wood fomewhat fhorter, which is totake ont at pleafure, as youmay {ce 
decribed by the letter D: there is required no proportion of length 
for this fhort peece , only it{ufficeth if irbe but folong as aman may 
well hold icin his hand ; the ufc hercafter fhall be more plainly defcribed 

_ when I come to {pcakeof the order of making the coffins ; which {hall 
“bein the next Chapter. When you have fitted your rocket according 
‘to this dire&ion,proeeed to the making of your rammers, (or more pro. 
perly ealled drifts) which muft bee alwayes two at the lealt to, cach 
mould, and as your mould increafesin largemeffe, fo muft youhave more 
ramnacrs, by reafon of the largeneffe of the tapernecdle : she manner and 
form you may feedefcribedby theletters BC. - ie hie 


B usthe bellow ransmer, and hath ahole init anfwerable to the length and 
bigne fe of the taper needle, as appeareth inthar figure. It nsuft bea finall mate 
ter deffe than the rowler, becanfe that orberwife im putting st in, you will poe 
down the paper, which ts very prejudicial to your rocker, . —_ 

The other rammer is not balfe fo long, and 1 fad, that when you have beaten 
te the top of the needle, you make ufe of st : st i defcribed by theletterC, 


When you have fitted your rammers, you mult provide a pecce of 

Box madeafter the formas yource defcribed ; which muft ferve to make 
‘your large coffins to put the work which you intend, on the head of 
your rockets. Itis defcribed by the letter P, asin the figureis manifelt. . 


The letters E E foew the diameter, which is thejnft bigneff Pi a 
ket, and muft be foinall fizes, oF) rr a 3 
G6 pomeste lagen ft co, nd mf te are ich 
this figureistwosuches. - 7 LM Part Sen Poet 
” HHH foewes thelength of the coffin, which ought to bee twotdiameters 
of your rocket, which inthis place istwoinches ; but we are nor tied to that fo | 
precifely; for we are to alter shat.according te the works which we putt . ; 
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Guap, If. 
How to make your coffins of paper. 


OW having explained the manner aud forme of 
the moulds, with the reft of the dependants, I 
come now to fhew the ufe of them in their feve- 
rall orders: and firft for the ufe of the rowler, 
which is defcribed by the letter A. 

You mutt provide fome good ftrong paper, as 
old Law books, which are both ftrong'and large; 
and cut out your fizes of paper for your work 

now to know what length your paper muftbce, let it bee alwayes the 
length of your mould : fo fhall you have one diameter left above the 
mould, theufe whereof fhall be fhewn in his proper place. Now having 
provided your paper in length ready, take your rowler, and one length 
of paper, and begin to rowle ; when you have rowled one fheer, you 
Figure 2, G. muft havea board ro rowle tt with (the board is marked in the fecond 
figure 5.) which muft be done in this manner: you muft hold the rowler 
in your left hand, and with your right hold the board; then lay dewn 
your rowler upon fomefmooth cheft, or table, or fuch like; which when 
you fave done, lay on your board, and rowle it very hard, only one 
way ; which having dohe, rowle another length, and fo preceed in row- 
ling between every théet, till youhave rowled on fo much as will fill the 
mould very ftraight ; when you have fo done, draw forth your rowler 
onc diameter, which in this place.is one inch ; and then take the other 
part of therowler, which is fhort,:and marked with D, and put it in’ as 
you fee defcribed,s -and-there have youa place lefe-for the choaking of 
your rocket, of which we come'ndw to {peak: : 
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~af) Each you come to choak your rocket, you mult have 
Ui) a ting to.fcrew into fome poft, at which younwht 
tic'your cord, which muft be bigger or lefler,accor- 
ding to.the bigneffe of.your rocker, by reafon that a 
faall cord will not choak agreat rocket for wantof 
“Brength : and again, a great cord will not{erve for 
ae : a‘finall, in regard that it will make too great achoak- 
ings fo that.youmuft have a bigger and lefle ; which when you havefo 
os Provided, tying one end tothe ring, you muft about a yard off tie a 
ftick, in fafhion of a handle for a {wing, which muft beetrong, by rea- 

.. fon that it muft beare the whole weight of the body, (the leteer Gin the 
Figure. K- fecond figure expreffeth the fame 5) which when you have provided, 
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ner is expreffed in the third figure, by the letter K ) fo when you have 
choakedit fufficiently, draw forth your fhort rowler, and where your 
choaking is,tye itabout with ftrong: packthred; and fo drawing forth 
your rowler, you have a coffin ready to be filled when occafion ferveth, 
“he forme whereoffolloweth. And becaufe the choaking of a rocket is 
very laborious and dangerous, in regard of the breaking of the cord, 
which often hapneth; I haue therefore invented a certaine Engine, whei- 
by a childe may choake the ftrongeft rocket. The parts of irarca {crew 
moving awheele, on the axeltree of which is faftened your cord for 
choaking, with theother endof the cord faftencd toa ftaple on the fame 
boord: the forme whercof you {hall finde defcribed in the third figure, 


by the letter B. C- 


A 9s the coffin of 4 Rocket whoky finifred, with his cheaking. 

B The forme of an Engine for chonking 4 Recket, 

C The mannner of ufing the Engine. | 

E Is amseafare made of horne or latten. i 

G Is afunnell with a handleto fill (mall Rockets, and other final works? 

Hi Js a fine (earce, with a receiver to fearce your ingredients. 

L Isa morter to meale your powder, and your other ingredients, which mut 
be of wood, with a peftle. 


= Having defcribed the order and formes of all things neceffary to the 
making ofa rocket, it refteth now that we know the manner of driving 
it, as allo what ingredients are moft proper for every fize, 


Cuar. IV. 
The manner of driving 4 Rocket, with rbe infiruments 
. _ belonging tothe fame. 


———————— 


mia Vien you have finifhed your coffin of paper, take it, 
aad Le and with your hollow rammer force it downe clofe 
O/fa) into your mould, which when you have done, ftrike 
fez two ot three {mart blowes to fettle the paper into his 
for tight forme: which being done, you muft begin to 
Ye» fill your coffin, in doing whereof, you muft havea 
¢ mtg great care, alwaics providing a meafure, whichmay 
containe ;,. part of your whole Rocket, foby that meanes you flail not 
faile, but every Rocket fhall bave atrue proportion alike;as for Example, 
1 havea coffin, which being filled, will hold an ounce of mixture or ther. 
abouts. I takethe twentieth part, and when I finde what quantity it is, 
T make 4 meafure ofhorne, which fhall containe fo much, and then I 
beginne to fill my coffin with one meafureatatime, and putting in my 
ram- 
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ranmner, (trike foure oF Gve (art blowes with a geod ftrong mallet, and Fsgare 3. 
then {Allanother mealure, and {trike apaine, fo [ continue tillIcomero  ™ 
rhe top of the necdle,then i cake the fadrammer, and fo continue with it, 

aut come tothe topof the mould: now the paper which is above the 

tgp ofthe mould, mutt be turned dewne, and beaten hard down,which 
Binsin done, the Rocket is fnifhed from the mould; which force our, with 

as much eafe as you can, for the ieffe you force it (being filled, and the 
needieraken ont) the better itis, for knocking loofens the powder, and 

(o canfes the Rocket to faile: now it refts to know the receits proper for 

every fort of Rockets. 


Aad firff for Rockets of one ounce, you nay take only powder duft being vem The ingreds- 
ry fiae fearced; which rifes very frift,but carries no tasle of fire with it,and ents for ordi= 
often times breakes, unle(fe they be very thicke of paper : but the beft and [u- wary Rockets. 
rele way is,toallay your powder with coale duft being well fearced, which cana 
fes amore glorious oem; and you may ufe tt at your difcretion, The ordsnary 
allay for fmall Rockets w, 1 dof, powder, twos. of coaleduft, which ferves tilt 

oucometo Rockets of foure ounces,then muft you take to every 1 lof powder 
at xof coleduft, continuing that quantity till you come to Rockets of tense 
ounces, ana from tenne to fixtee ne ounces,which cs one poundzyour allay mfE 
be to one pound of, powder; three ounces of coale, J 


Mow when you have provided your powder, you muft firft meale it, 
and then fearce it, fo that it vay be free from any corne though never fo 
fall. Likewilerake good dry coale, well-burnt, and beat it to duft, 
fearcingit very fine; which when you have done, mixe them according 
as youroccafion ferveth, asd as your direCtions are: 


Cuapr. V. 
The manner of beading a Rocket, with theorder of capping it. 


PU GALA Ow Wecome to thew the manner of headingaRoc- 
= ae 1Z),, ket, in which we are to ufe cur thicke Roler, fpecifi- 
sy Ne IS edin thé cond figure, and marked with F. Vpon 
i N ~ <i ln” which you mutt role fome paper or fine paft-board 
a ian NicZ and paft ir fo thatit may bee very clofe, and then 
iA D> KY choake it at the length of the thicker part, fo thatit 
Oo izes may come clofe to your fticke in the/leffer part, 
4 which will fitco be ryed to the top of your Rocket, 
fo fhail you havea coffine to put in your workes, which muft bee of di- 
vers (orts, That being done, you muft provide Taper caps, which muft 
be Sdjoyned ro the top of the large coffin. The ule of them is to keepe in 
yout workes, andto caufe them to pierce the ayre more (wiftly: The 
manner of making thefe caps,is,to take a pair of Compaffes,and defcribe 
a citcle in paftboard, then cutit forth with a paire of fheeres, and that 
(hall make two cappes, being cut in the iniddle, and turned one cofner 
under theother,and fo pafted; and lerthem fo pafted, be pat ina wt 
prefle, 


a see 


Pyrotechnia, or, 
prefle till they be dry, and when they be dry, cut outa femicirclein pa- 
per, which fhall fit round about the {aid cap, and fhall ferve to pafte en 
the cap tothe coffin: the forme whereof is exprefled in the fourth figure, 
by the figure 14, and 65. fo have you all things ready to the finifhing of 
your Rocket, which muft bedone asfolloweth. | 


: wplt wt 
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Cu AP. 6. 
The manner of fnlfbing a Rocket. 


Vf Hen your Rocket is driven, as I have faewed you, 
/ fo with the paper turned downe, you hall firft prime 
ARP it, which muft be with cotton wickemade for the 

9 /faxy. {aid purpofe, which you thall put up into the vent, 


AE a _ your Rocket, by three or foure inches, which being 
Safer. 4 done, tyea piece of paper over the mouth, tothe 
endit fall not out:now having primed your Rocket, 


yeu may proceedcto the heading of it, and that isdone after this man- 


leaving apeeceto hang lower than the mouthof . 


ner. Take your Rocket, andon the head (where Itold you, you fhenld — 
turne downe the paper, you muft with a bodkin, pierce ewo or three . 


holes, tothe intent that the Rocket having {pent himéelfe, your workes 
which are on his head, may take fire, which holes, prime with a little 
powder duft, and then put on his head, with the choaking fitted to your 
Rocket, which muft come over the Rocket, in {och manner, that the 
bottome of the greater part muft come cven with the topof the Rocker; 
which tye faft to your rocket with threed, and then putin your workes: 
but before you put in your workes, whether they be ftarres,or any other 
workes, you mult_putin alittle cotton wooll, being rowled in powder 
duft, tothe end your ftars may fire, and likewife may blowout: which 
having done, putin your ftarres, or other workes, andif you makemore 
than one tire {as you may doc of your ftarres) chen muft you put more 
cotton rowled in powder duftamongft them, or berweenc every tire, to 
the end they may all take fire; then take your cap {0 provided as I have 
formerly thewed, and fillthe hollow place with cotton, becaufe itis 
light, and likewife will fire quiekly: which being fitted, pafte it clofeto 
the top of the coffin, in fuch manner, that it may ftand very uprisht.then 
mutt you fit on your fticke, for the peafing of your Rocket, which ought 
to be about cight lengths of your Rocket without the head. You muft 
gct the f{mootheft and lighteft you can, {ach as basket makers ufe; which 
when you have got, you muft make very ftrait, and then cutting one 
fide of it, flat at che great end, maketwo notches onthe round fide,pro- 
vided that the one be differing from the other, f much as is betweene 
the choaking of your Rocket, and the end of the vents becaufe if you 
fhould tye it uponthe vent, it would loofen the powder, and focsufe ie 
¢0 breake in the firing. Now that you tye not the wrong end of your 
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~ Rocket uppermoft, as fome foolifhly bave done, for want of better ine 


ftrudtions, you muft alwayes tye the end downewards, which ischoaked, 
and with a piece of ftrong thred tycit faftto che lower notch, juft about 
the choaking, fo fhall you be fure your ftickes Chall not fall off, neither 
will it indanger the hurting of your rocket. When you have tyed thar, 
then proceed to the tying of it higher, which as I fay ,muft be fomewhar 
higher than the top of the vent, and let your fticke come even with the 
top of your rocket; which having done, peafe your rocket, which muft 
be after this manner. Lay it of your finger two or three inches or more 
from the mouth, and if you finde the ftick be too heavy,cut it thorter,till 
you finde your Rocket to ballance your fticke, for the fticke being too ’ 
heavy, caufes your rocket to flugge, and being too light,it makesa rockce 
fall before he is halfeup: thefe things being provided, you have your 
rocket ready to be fired, which muft be after this manner. 


y . CHAP. VI. -_ | 
' "The manner of fring Rockets, with the defcription of a 
ftaffe for the firing of them. 


4x Rovide along ftaffe witha pike atone end, which 
aD We matt bethruft hard into the ground, and a three 
k@) legged ftaffe with a hollow hoope at the top, toler 
epee 4, this long ftafte {lide up and downe, tothe endthat 
Sees Yy having rockets, whofe ftickes are longer than yous 
BWA) {aid Gaffe, yet by raifing it through the faid iron 
pat 7 Net kd hoope, you may make it foure or five foot longer 
than it would be ftanding on the ground.Now this long ftaffe muft have 
a fliding peece cue with feverall points, which mutt be neere the top;and - 
at the bottome there ree ring of wyer,tojet the fticke goc through, 
whieh muft be made likewile t6°flide up and downe; fo thrufting the 
{mall end through the faid ring, your rockct will reft upon that part a- 
bove, which muft be juft oppofitein a ftraight line, fo open the mouth 
of yeur rocket, and pull out the end of your cotton wicke, and with a 
peece of match, faftened in a Linftocke, pive fire to the faid wicke, and 
by degreees, you fhall {ceit fire your rocket; which being well ordered, 
will mount very ftraight and high: now having chewed the whole order 
ofcompofing a rocky, withthe firing of thefame, I will thew you an 
order for making of your ftarres, and other workes which are neceflary 
for the heads of your rockets; and fir ofall I will fhew you the making 
of divers forts of ftarres, with their compofitions; and fince wee cannot 
make them without the compofitions, I will firft fer downe the com po- 
fitions, and then proceed to themanner of making them. 


‘CHAR. 


eA rtificiall Fires orkese i 


Ne 


Cuap. VIII. 
Divers Compofitions for ftarres. 


a oem 


‘A Compofition for ftarres ofa blew colour, with red. 
Ake of powder mealed, a sz 
‘ Sale peter, A Fy vot 


Sulphur vsve, 


Pole Yi . 

aSo>  Mealethele very fine; and mixe them together 
with 2 &. of aqua vite,and ; Sof oyle of fpicke,whicl 
G/@" letbe very dry before you uleit. pwr 


oa 


“Another Compofition which maketh a white fire and beautifull. 


Take powder, | Ak: 
Salt peter, 4 jot foes 12 x 
«Sulphur vive, ~ | 6% 
Camphire, 35 


Meale your ingredients, and mixe them; how to powder your Cant- 
phire, you tuft dip your peftle in oyle of Almonds, or fuch like oyle: 
you muft not nfe your wooded peftle for this, becaufe that oyle will 
{oake intoit, which is ani enemy to fome wotkes; ‘therefore takea brafle 
peftle and morter, and dipping the peftle in oyle of Almonds, put itto 
your Camphire,and fo flixting it by degrees, it will powder; which when 
you have done, keépe jt very clofe from ayre, till fuch time as you ule it, 
otherwife the Camphire willlofe his fpirit, and become ofno nfe. 


‘Another white fire which lafteth long} 


” Take powder | 43 
Salt peter | A TE i af 
Sulphur vives | p yy bahur uy . Sz 
Camphur, 1 
onlefpte 28 


Meale thofe which are tobe mealed, very fine,and mixe them accor- 
ding to the former direCtions: 1 
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C Hie IX. 
The manner of making the beft fort of flarres. 


=== Ow having fet downethe compofitions for Rartes, it res 
fteth to know how thefe ftarres are made, which is di. 
vers waics, but J will {et you downe onely two waies 
fw" @NG fe) both which are very good, fo that you may take your 
aero choyce. The firftis this, you muft make little fquare pie. 
ces of browne paper, which fill with your compofition 
Figure. youintend, and fo double it downe, rolling it till you make it fomewhat 
N.G. round,about the bigneffe ofa nut or bigger, according to the fize of your 
rocket; you may putinia dozen on the head of'a {mall rocket; when you 
have made them up in this forme, you muft bindethem round with {mall 
thred, which done, draw through a'cotton wicke prepared for priming, 

as hereafter fhall be fhewne. — 
~ The fecond fort are made after another manner, which is-thus; ‘you 
mauit havea rowler, as big as an ordinary arrow, which fhall beto rowle 
alength of paper aboutit, and witha little mouth gluc, or pate, pafte it 
round; fo have youa hollow, trunke of paper, which you fhall order af- 
terthis manner: Fillit by- little.and little with your fmall funnell, till 
thrufting ie véry hard, till you have filled itto the top; which done, cut 
itinto (hort pieces, about halfe an inch in length; then having in readi- 
neffe either hot glue, or-fize mingled with red lead, dip one end of your 
fhort pieces; to the end; that both ends of your ftarre fire not, and alfo 
chat it may-not blew: outs which being fo finifhed, fee‘eo dry till you ufe 
them, and chen putting. the other end into powder duff, you may pue 
them on your rocket, in one or two tier; alwaics provided, as I faid be. 
fore, that you put in powder duft beewcene every ticr, to the end they 
may all fire; chus have you che manner of making your ftarres,theformes 
whereof you fhall have defcribed hereafter. te Sa 
Priming for = X he priming before fpoken of,is made after this manner; take oyle of 
Reckers, Camphire,and foake fome cotton wicke in it, then take it*out‘being 
tmoyft, and rowlc it in fine powder duft, which having done, you fhall 
hang itup.tilli¢ be thorow dry, fo have youprepared a very good pri- 
ming, which muft be keptclofe from ayre, till {uch time you have occae 

fion, otherwife the fpirit of the Camphir will decay. 


The defcription of the ftaffe for firing of Rockets, 


A The long ftaffe to rife through the ring. 
= » BBB The thréelegd fiaffe. 
* C The ving or hoope of iron for the long ftaffe to lide thorow, 
D Afcrew tofcrew faft the long fiaffe being raifed, 
E A piece of iron filed with notches to hang the Rockets on. 
E The ring of wyer to putthorow the ftiske, which may be raifed higher, ox 
put lower, as occafton proffers. : 
— GG The defcription of two flarres,wsth the priming,K,and the binding L; 
H The defcription of the trunke, or cafe, which ws to be filled with your flax’ 
mixtyre, andie cut inte frort pieces , as you fee reprefented by the figures 1.1. 
7 /p ‘ | where 


wee, 


Ss. 
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where the uper part reprefents the open end, and ts marked with M, and the ta- 
der part which ws glued, is reprefented by the letter N, fo have you the flarres 


wholly defcribed. 
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CHAP: X. 
The manner of making filver andgoldraines 


2, Ow I will fhew you the order for making of golden 
WP\Gy raine, whichis after this manner; you mutt prouide 
De || <a ftore of Goofe quils, which having, you muft cut off 
AIRY, the quill as long as youcan leaucit, and cut notoff 

i the other end, but leaue it clofe as you fee prefented 
42% by theletters 'O P. Figure 4. where O reprefents 
72 one filled, and P one. empty. The receit which 
you make your golden raine,muft bethe fame which 
you make your rockets of che ounce, which is to & 1. of powder, 2 Z.of 
coaleduft: now hauing filled many of thefe quils, as I haue fhewed you, 
they muft be put on the head of your rocket, with the open ends down- 
ward, tothe end they may take fire fo foone as your rocket is fpent, and 


+ 


fo thall you fee appearea (hower of gold, which by fome is called golden 
raine: the like way may you make Gluer raine, filling your quils with the 
mixture prefcribed for your white ftarres, and ufing them in the fame 
manner, you fhall fee them fall downe like q fhower of filuer, whichis 
called filuer raine, andthus much fhall fuffice tobe knowne for this fore 


of worke. 


“ CHAP. XL 
How to make Fifgigs; which fome call Serpents. 


=a Ow | will fhew you to make another fort of work, which 
A we call.Fifgigs, or asthe French name them, Serpents, 
DS | which are madc as followeth. You muft providea {mall 
OY mould, of: of an inch diameter, which muft bee made 
NES withouita necdle, which when you have, you muft make 
= your cafes, as youmake for your rockets, choaking them ~ 

2 an inch from the end, which fhall ferue for occafion as it {hall bee prof- 
fered; when you haue made yout calcs, fill them three inches with pow- 
der duft, and then choake him, and after put ina little corne powder, to 
the ‘end that your Fifgig hauing plaied a while to and fro, hee may 
breake and gine a report; the ufc of the making fo deepe a mouth at your 
firft choaking is, that you may Gil it with your ftarre mixture;(o that put- 
ting diners of them onthe head ofa large rocket, they will firft appeare 
like fo many ftarres, and when the ftarres are {pent, taking hold of the 
powder duft, they will run wrigling to and frolikeSerpents, and after a 


while.they will gine fo many reports, which will give great content, 
: There 


eA rtificiall Fire-Workes. 
There are many works which are made of thefe fisgigs, which wee will 
(peak of in their places: « Lamu A 
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CHAP. XII. 


How to make the reports or breakers, 


» 


gam OW Iwill.proceed to fhew the manner of making re- 
) portsto place on the head ofarocket 5 youmuft makea 
coffin of the fize of your rocket of onc inch, but you 
muft rowle your paper a great deale thicker, to the in- 


mouth muft bee left very large, to the end that on oc- 
cafion you may fill ic with ftarre mixture ; now when you have made 
divers coffins about three inches and better in length, you muft Icavea 
fmall vent at the choaking, the bigneffe ofan ordinary wycr, which you 
mutt ftop with alittle paper, while you fill che coffin almoft full, or with- 
in halfean inch of the cop, with goad corn powder, turning down foure 
ot five folds of paper, choak it clofeat he top, and binde it round with 
thred, fo you have your reportsready, againft fuch time you coms to 
ufethem ; which muft be done in this manner : firft bee carefull to pull 
out your ftopple, which having done, fill che mouth with your ftarre 
mixture, and fo faften him on thetop of your rocket, alwayes puttinga 
littlepaper about the top of your rocket, and in it put a little powder 
duft, and {o {cr on your seport, and tie it faft on, with the mouth to- 
wards the head of therocket, fo thatthe rocket having {pent himfelfe, 
you fhall {ec a large ftar appeare,and whenit is necrethe ground, you thal 
heare thereport ; the order thereof you fhall finde defcribed in the fourth 


figure. 
1 Isthe report ready finifbed. 


2 The rocket with the report on the head. 
3 The report faftned on the head of the rocket. 
4 The paper tofaften the report to the rocket, which muft firft bee tied to 
the rocket, and likewife to the report. 
8 Reprefenteth a fisgig finifbed, ; . . 
9) The choaking, as Ihave foewed, which muft bee filled upward with corn 
powder. 
10 The mouth of your fisgi¢, which upon occafion you may fill with your 
ftarre mixture, to put on the head of your rockets, 
1X Reprefenteth a fifgig, with a bladder, which muft be tyed on to the head 
of them, infuch manner, that the neck, of the bladder may go into the fisgic, 
and fo be fafttyed, that they ftirre not 5 the ufe of thems ts, only to fire in your 
hand, (for being fired with a little powder duft in the mouth of ir) and fo caft 
away fromyon, it will fly to and fro without ceafing, till it hath (pent st felfe ; 
and by reafon of the bladder which tied to it, it will not flick faft to the 
ground, as others do which have no blidders, 
12 Reprefenteth acracker faftned to the top of arocket, fo that the roche: 
having [pent himfelfe, it taketh fire, and maketh many reports 3 the manner 


ne 


od 4) 


tent your report may be the greater;alfo in choaking, the 
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a ning him is thus 5 you muff firft tie on your rocket, leaving the fick. fo 
a binder than the top, a5 will fuffice totic on your cracker, which muff be 
tied about the faid fick, in fuch manner, that the nofe of it may Come into 
the bead of yourrocket, which be ing primed with fome powder duff, will take 


re. 
fi 5 Reprefenteth avocket with feverak works, whether flarres, or Serpents, 
and muft be with a large coffin on the top, with his cap, 
6 Is the coffin, which as } have foewed you, muft bee fomewhat bigger than 
your rocket. - 
7 Isthe cap, which muft be taper. 


13 Sheweth the faftaing of the Pick, which muft not bee higher than your 
vocket, befide the large coffin. : fix’ 


All which I have formerly defcribed, with the form and manner of 
making them, and their feverall nfes ; fothat'l have fuily layd down the 
whole order of finifhing a rocket forthe ayre. Now it reftéth to thew 
what other works may bee done by the fayd rockets, which are many ; 
for all forts of Fire works for pleafure, do wholly dependupon them, ex- 
cept the water bals : and to proceed, 1 will firft defctibe unto youthe 
order of making the runners on the line, which muft bee donein manner 
following: 


CHAP, XIIL 


Howto make arunner on the line: 


,OV muft provide a {mall rocket mould, which 
= muftbehalfe an inch or more, with rowlers, and 
rammers, according as I have defcribed, fave only 
that your mould muft have no needle, nor your 
rammers hollow ;. when you have provided 
them, make up your cafes, after the form which I 
have fhewed you, fome longer, andfome thorter, 
which mutt be ufed as followeth ; your fhort ones 
muft be beaten up to the top, which muft not bee above foure inches 3 
your longer, which muft bee 5 : inches, muft bee likewife filled foure 
inches high, and the reft to be filled withcorn powder within halfe an 
inch of the top, which muft be choaked clofe, and tied up ; the receipe 
for thefeforts muft be only finepowderduft.. 

Now when you have driven them as is fhewed, you may proceed to 
the finifhing of them, which muft be in this manner ; you muft rewle 
a pecce of paper about the head of your fhorter rocket, (which muft be 
left open to give fircto thenexe) which paper muft befive inches broad, 
and being rowled'on, you muft firft try if the month of your other roc. 
ket willeafily goin, which when you have done, draw forth your other 
rocket which you tried, and binde your paper faft to the top of your 
fhort one, in fuch manner, that foure inches may remaine hollow above 
the top of yourrocket, which isto be filled with powder du, haere 
inches 
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inches high ; then put in your longer rocket, (with the mouth inward) 
fo farreasit may touch your powder duft ; and tic the paper fait about 
the choaking, as you hall finde defcribed in the fift figure -, after you 
have donc this, proceed to the putting on of your cane, which muft bee 
after this manner; you mutt firft provide canes of fuch bigneffe as will 
fit your line, and cut them threc inches long, or fomewhat better, and 
then notch them with three notches, which when you have fo provided, 
firlt tic it to your longer rocket which is to fire Jaft, and then doubling 
themeogether,(in fuch fore that the noféof the:firft come farther out than. 
the tayle of the (econd) tici¢ othem both ; thereafon of this is, becaufe. 
otherwife, if it weretied to thenr both rogether, and not toone feverally, 
fo foonas the firft were fired, the cane will grow flack, and often fall off, 
and never make his return ; and againe, if you fhould not put the mouth 
of the one farther out than the tayle of other,ae would fire your other 
rocket, andfo make a confufion:: therefore that you may the better un- 
derftand what I have thewed you, I have fet down in this fift figure, the 
whole order of finifhing a runner for the line. a 


ee] 


A Isthefoort rockets 


B Isthelonger, which muft by beaten fonre inches with powder duff, and 


one inch with corn powder. e. FR 4 : 
CC Your two rockers joyned,the mouth of eng to the tayle of she other, 
jn fuch fort, that there may betwalinches between them, , Fr j 
D The coffin of paper which joynes thofe two rogether, and muft bee filled 
with powder dnft, ls ightly put in. | 4 ws 
~ BE The rockers donbled, with thecane tied on, J 
Fi The cane, which muft be three inches long, on more, 
G The cord that paffeth thorow the cape. * 
H ef peece of cork.onthe end of the line. : 


CHAP. XIV. 
Themanner of firing your runner. 
W having thus finifhed your runners, you muft pro- 
vide aline, which may bee a hundred yards, or more, as 
your ground wili permit, fo faftning your cord at the 
fartheft of your diftance, provide a pecce of board or 


cork, with a hole of the bignefle of your line, which 
rauft bee put on the end of your line, to theend thar 


ENG. 


©, 


NA 


your rocket may not relt againft any thing that may hinder itin the re- 
trogade motion 5 alwayes provided, you fope your line very well, for. 


fearc of firing: then puton your runner at the other end (with the mouth 


of the rockertowatds yeu, which muft bee primed with powder duft)’ 
and pull your line very ftraight, which is agreat helptothe running of a 


rocket, fo faftning your cord, you may fire your runner, which being 
wellordered, will run tothe fartheft of your line; making his return, 
with a report atlaft ; fohave you finifhed the runner. 
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CHAP. XV. 
Hoy, to. compofe.a wheele, 


2 OW I willfhew youthe order of compofing a wheele, 

ZY whichis a prime work, being well ordered ; of which 

fome are movable, and fome immovable: of the mo- 

vable, fome move korizontall,and fome verticall, which 

is toward the zenith: and firft of the movable wheele. 

! You mult provide a wheele of fuch diameter as you 

pleafe, which muft Se made into {quares, according to the circumference 

of your wheele, and tu proportion your wheeleintoa juft number, you 

may allow five inches or better for every fide, fo that your wheele being 

14 inches diameter, the circumference will be as 7t0 22, which is 

inches circumference ; {9 being divided by 5, there will bee 8 {quares, or _. 
more properly, 8 fides, which will évery one containe 5 inches and z_, Figure 50 
which is the cord of 45 degrees ; thefe fides muft bee hollowedwitha N* 
groofe fitting your rockets, andatthe ends of every fideit muft bee filed 

with notches, tofsften your binding that itflide not, when youbinde faft 

yout rockets; the form whereof you thal finde in the fife figure N ry 


. (ea Sheweth'the 8 fides. re ‘hay e Ae 
Bb The places of faftning. (ee — 4 
C The ferem which fafineth the wheeleto fame pops 


Note alwayes, that as your wheeledothiacreate in-diameter, fo you 
muft increafe, in the proportion, for that rocket which forces about 3 
wheele of 24 inches, will not forcea wheele of 18 inches; nor that roc 
-. ket whichforceth one of 18 inches, will not force one of a4 inches ; bue 
that you may come toa ncere proportion, I will fatisfie you fo neere as 
I can 3 firft feck the diameter of your, wheele, 'which imaginé*to bee 
1Sinches, take the third thereof, which is 6, fo:that your rocket for 
18 inches diameter, muft be.6 inches long, and your wheele of 2ziitches 
diameter, will require rockets of 8 inches ; yet as your whceleencreafeth, 
~ you may alter this proportion by dividing ie into morefides. -.\ - | 

“Now having provided your wheele, with your rockets of ‘a juft fize, 
you fhall proceed tothe finithing of it, which muft bee after this man- 
ner, you mutt joine your rockets one to another, in {uch fore'as I fhew- 
ed you for your runners, that is, with che mouth-of the one to thetop of 
the other, and fo procecd till you have faftned fo many as will ferve your 
wheele, alwayes leaving fo much fpace between cach racket, as may fufs 
fer them to come round about your wheele, without breaking any 5 
which when you have done, pracced to the tying of them on to your 
wheele, which muft be (0 ordered, that you tie them wherethe notches 
are, to theend they failenot in firing, by fliding off, In tying them on 
you mutt provide that you leave little diftance beeween the fir and 
the laft, which muft be parted with a bolfter of paper well foaped, to the 

cng 
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eee, 


| Pyrotechnia, or, 


endthat the firft fire not the laft, and fo caufca great confufion. Now 
for the manner of placing them, it is according to the workmans pleg- 
fure, which muft be either horizontal, or verticall ; for the horizontall 
wheele you muft provide a poft faftned in the ground, and fcrew your 
wheele to the top of it ; for the verticall, you moft (crew it on the fide of 
the poft, fo having fired them, you fhall fee one run parallel to the ho- 
rizon,and the other te the zenith, as you thall {ee defcribed in the fife 
figure,’ : yr 


N 2 Reprefenteththe horizontall wheele, 4 : i 
N3 Reprefenteth the verticall -wheele. < 


There are many other works which do wholly depend upon the 
wheele, of which I will fer down fome few. 


. CHAP. XVI. 
How to make a ground wheele. 


ofp Exe 1 will declare unto you the manner of making 
SS fm 3 paire of wheels co run upon a plain horizon;pro. 
vide two wheels, (fuch as arefpinning wheels) of 
one bigneffc, which muft bee fafttied to a {mall 
axeltree, in fach manner, chat they may not move 
about the axeltrec, and on themiddle of the ax- 
eltree faften a fire wheele, ‘which let bee fo much 
. leffe than the other, that it touch not the ground, 
fo that being faft upon the fameaxeltree, it cannot run unleffe it carry 
the other with it, which being fet ona plain horizon, willrusa great 
way without ceafing : now that you may makeitreturn, you may pro- 
vide your wheelcin fuch manner, thatie may have reckets on both fides, 
fo that one fide being fpent, it may give fire to the other, which being 
faftaed with their mouthes the contrary way, will make aretura with a 
{wift motion. : 
The form of thefe ground wheeles you may fee reprefented in the fift 
figure, N 4. é 


AA the twowheeles fafiued tothe axeltree, 
CC the axeltree on which the three wheeles are allfafined, 


B the fire wheele, which i reprefented of a defer diameter than the other | 
ba P 
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CHAP. XVII. 


Another- manner of ground wheeles. 


» Here is another kinde of ground whecles, and that 
is made fo; that the wheeles may move about the 
axelerce ; but this fort-isnot moved’abour ‘by a 
whecle, in regard the axeltree muft ftand till, bue 
itis made afterthismanner; you ovwft make your 
axeltree fomewhat broad about the midft of ie, 
and inthat place you fhall boare twoholes, into 
which you hall put two rockets, which muft bee 
(o clofe one to the other, that they may almoft touch, ’and muft bee fo 
joined together, thatone having {pent himfelfe; the other may take fire, 
after the manner of your line work, to the end that being fired, it may 
run firft one way, and then the other taking fire, may make his return by 
a fecond motion : now the rockets which you put into this place, muft 
alwayes bee proportioned according to the bignefle.of your wheele, 
which if you perform according to the direCtion, you fhall have your 


defire. | 
The form of this wheele is expreffed in the fift figure N 4. 


‘A A the twe wheeles being loofe upon thesr axcleree. 

B Behe axeltree in which thereckets are put. 

C the place for the two rockets to be fafined, which usuft be fe ordered, that 
‘ghe mouth of ene wsayjoyne to the tayle of the ether. | 


It isefpeciallyto be noted, that thefe wheeles muftrun upon a very 
plain horizon, fuch as the place for the game of Pall Maile at Se. Zame/es, 
or formic other very fmooth place ; by reafon that after the firft firing of 
arocket, his violence is over, and (oa (mall thing will Bay him. 

There are alfo fundry forts of wheeles, which do perform divers 
offices ; fome for difplaying of a Coat of Armes, and others for {ctting 
of divers circular works, fome of them I will fpeak of , and firlt 1 wilh 
fhew the manner of making a horizontal wheele, which with one firing 
fhall give divers reports, and fhall ftand fixed: : 


CHAP» 
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Figure 6, 
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The manner of making a fixed wheele, which fhall give divers 
veports. 


RETRO V molt firft get a wheele turned by fome werk- 
Sey fay man, which muft be two foorin diameter, (or as 
fed 4 ~ you pleafé to augment or diminifh your work) 
which mufthave a groofeturned out of the upper 
fide, of balfe an inch wide, and likewife as deep ; 
to which groofe you muft have a peece of wood 
fo fitted, thatit may juft flidein, which peece of 
wood muft have fo many fmmall holes. bored in it 
as you will have reports aboutit, alwayes provided, you fet them not 
too neere together, becaufethe firing of one may not beat down the 
other ; when you liave thus provided your wheele, makea conveyance 
or hollow ttuinck of paper which will iuft fillit, which muft bee filled 
with fome of your flow mixtures for ftarres, and then putting on the 
cap of wood fo fitted with holes, and made very. faft: with glew, pierce 
every hole into your hollow conveyance, fo that putting a quill intoeve- 
ry one, they may take fire, and tothe faid quill faften a report, {0 thall 
you havea peale of Chambers placed in a {mall roome, which being 
once fired, will follow in order till the whole train be fpent. The form 
you fhall fec.exprefled inthe fixeiguremarked A, | | sy) 


eee : 
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Cuar. XIX. 


Howto make a fixed spbeele which ball caft forth many rockets 
“ into the are, © | 


EAP Pe Herc is likewife another fort of wheele not much 
, re unliketothe former, which thall give fire to divers 
rockets ftanding circular, the order differs nothing 
from the former, only you muft make a hole for 
every ftick to paffe thorow, and therefore it muft 
be made fomewhat broader, which will effe& the 
fame as the other doth, by conveying fire from one 
rocket to another, till they bec all {pent ; the mix- 
ture for this conveyance ought to bee very flow, wherefore I advife you 
to take this enfuing, which is both flow and fure; 


. Lake Roch peter, 8% 
Sulphur vive, 4% 
Camphire, m 2. 
Fine powder duff, 2% 
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Meale thefe ingredicnts very fine, and incorporate them, adding 3% of 
Linked oyle, and 5 of oyle of peter; thefe oyles muft be dropped in by 
degrees, and fowroughtup, till you finde your mixture bound like 
dough, which ifyou performe well, will bee both flow and fure. The Figure 6. 
forme of this wheele is expreffed in the fixth Figure, by the Icteer B. 
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msxGy \vlea wheele to bee turned, witha groofe on the 
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(which fhall be fo pierced thorow tothe papet convel- 
ance )thofe fifgigs that are placed round on the fide,& the reports on the 
top, one traine {hall fire them all, andin firing, you fhall fee all the Fit 


rhe forme of this wheclcis reprefented in the fixth, Figure, by the let 
tcr G. ia) | 
G Reprefents the wheele finifbed, with Reports an dFifgig § 


RR Reprefents the reports, placed on the uper part of the wheele, 
E E Reprefents the F ifgigs placed round on.the fide of thewheele, - 


 Cuar. XXI. : 3 


The manner of making a wheele which {ball rume two waies, 
which is, forward and backward.” 


AS A ule a wheel to be made, fo that the rockets may 
Ze | be placed on each fide, with a hole-thorow one 

PASAT fide, which {hall ferve for a vent, pafling from one 
fide to the other, then place your rockets firft up- 
onone fide, provided that the laft rockct be placed 
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ontheother fide, and fo make a retroprade motion : and as you doe this, 
fo may you after the fame manner, make a whecle which hall runne di- 
re, and continue twife fo long as another of the fame bignefle, which 
isby placing the rockets the fame way on both fides. The forms of this 
is expreffedin the 6 Figure, by the letters D and E. - 


D Reprefents the wheele with Rockets placed on the ene fide, the laf roc- 
kets having a vent, to paffethrongh to the other fide. * 
E Reprefents the [aid wheel finifhed with Rockets on both fides. 


: “ CHAP. XXIE she 
The manner of compofing a wheele, which having finfbed bis 
revolution, [ball reprefent a (oat of Armes. 


aoe 


prefent, then boare fo many holes in the wood, as. 
may conveniently ftand on the traced lines, then 
on the other fide; necre the top, fhalla place bee 
made, which may containe your rockets, with a 
a hole pierced thorow where the laftrocket mutt: 
reft. This being done, place your rockets round about, fo chat the laft” 
rocket may be placed on the vent which muft bee primed carefully, to 
paffe thorow to the other fide; having placed on the rockets,-fill thofe 
holes on the other fide with (ome flow mixture, {uch as is for your ftars, 
or the like, then cover it over with paper,and put in fome powder duft 
to fireit, and to break the paper, which being done, fope it well over for 
feare of fome {parkes lighting on the paper before the appointed time of 
firing, fo have you a wheele ready which you muft put onan axelerce, fo 
thatit may, ftand vertical, and then ‘firing it, you {hall have your de- 
fire, for fofooneas the wheele hath {pent his moving worke, it will giue 
fire tothe other fide; and then ftanding fill, you fhall fee aperfect Coat 
of Armes in fire. Figure 7. A. B: 7 


A Reprefents that fide of the wheele hich hath the Reckers placed on tt. 

B Reprefents the Coat of Armes, in which the round (pots fignifie the places — 
20 be filled with a flow mixture, which muft bee moift, to the end it keepe™ 
clofe im. 
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CHAP. XXIII 
How 6 reprefent a Coat of Armes in fire, which baying, burnt a 
fall while, the faid Coat [ball appeare in his perfect colours, 
~ and {hall continue fo along wwiile. 
2 me Itftcaulea board to be made foure {quare, of what 


Ep rinks 

QLE Coy 4s Wd) . e t e ° 
Ga ely dimenfion you pleafe, which let be ;an inch thicke, 
f (QD andcaufea Painter ar fome drafts man totrafe out 


Terda aninchand ; thicke, and of the fame breadth, which 

> faften to the,otherjwith fome {mall eackes, till you 
have boared fo manyfholesas you have occafion for, 
which fhall behalfe an inch afunder, and likewife balfe an inch boare; 
then boare your holes thorow your inch board, and let chem enter an 
inch into the thicker planke, then make fourefquare holes (oneat each 
corner) inthe thicker planke, to receive foure {quare pieces of wood, 
which muftbe an inch fquare, which glue faft into fourc holes oppofite 
tothe other in che thinner planke, to the end it may {lide to and fro,then 
faften an iron rod in the midft of the thinner, fo thatit may come thorow 


the thicker planke, and be faftened to a piece of wood, which may turne | 


upon a joynt; to the end youmay draw the thinner {quare neerer as yout 
fire confumes, and muft draw it too foot atleaft, then providea {mall ar- 
row of two footlong, and upon itrowle fo much paper, till ie fill your 


(mall holes exa@tly, then fill fo many as you have holesalready provided : 


in your fquare, and put them thorow the thinner piece, and the ends 
thereofinto the thicker, which Ict be glued faft into the bottome of that, 
fo that they may ftand very faft, and likewife let them paffe focafily tho- 
row the other holes, that theboard may flide nearer or further,to or from 
thefire, at pleafure; then fita piece of paft-board, fo that ic may come 
clofeabout thefe rouled lances, and may fit asexadtly as the board doth 
at theother end, andletthis come within halfeaninch ofthe firing end, 
chen prime them all with quicke powder duft, and cover ie over with 
paper, which having performed, you are ready againft fuch time as you 
have occafion to fireit, which muft be after this manner,obferving which 
Gide the windeis; ftand on that fide, and fire ic atthe lower corner, fo that 
by the helpe of the winde, you thallhave it all fire at once; which ha- 
ving burnta while, will come to the paft-beard and fireit, fo that falling 
away, there will be reprefented a Goat of Armes in colours, clofe to your 
fire, which may be drawne in by one ftanding behinde, fo thatie thall 
feernealwaics to be ftandingin one place, and the light not to'grow 
fhorter till thelaft, Theforme of this frame is prefented in the feventh 


figeure © De 


A The frame without the fcutchesn or letters, 
BT be backe fide ofthe frame, with aniren rod paffing therow it,and faftened 
; Ow tome % 


J ——4 


Vp what Armes or other figure you pleafe, upon the - 
(aid board; alfo tet there be another which fhall bee _ 


Pyrotechnia, or, 


ee yes nk 
to the other part, and the moving part which flideth to and fro as eccafier 


proffers. 

D The frame fisified ready to putin your lances, 

E Reprefents the face of the frame, or thinner board, 

G The inner part of the fixed piece, with holes boared in eath alike, to putin 
your lances of rowled paper, filled with flow compofitson, 


ne SS 


CHAP. XXIV. 


How to reprefent an antike dance, by the helpe of fire, 
which fhall move in acircular forme. 
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on the top of the faid board, with wiers pafling thorow both; tothe end 
they may bs turned about in their Notion, by certaine primes placed in 
another bound, which mutt ftand fixed; fo that moving about thefaid 
board, the pinned take hold of the wiers which come thorow, and turne 
them backwardand forward; ‘but in regard of che extraordinary vio- 
lence of this motion, it will teare-all in pieces, unlefle you have a great 
care in makingall things to runne very exactly, which mutt bee tried be- 
fore you come to ufe it. The order of this is reprefented in the feventh 


Figure by the letter E. 


ABCD The bottome board, which flands fixed with a focket to put ona 
long pole, and hath afmall pinne ftanding at each corner. . 
EEE Theunder board which moveth,in which vs placed the rockets. 
BE The uper board which is faftened to the other, whercin the rocketsare 
laced, 
: GG The wiers paffing thorow both beards whichare faftened to thefoot of 
each anticke, ~~ 
HH The other wier which frand faft inthe fixed board, and are toturue a- 
bout the antickes paffing by them, =e ay 
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CHAP. XV. 
Another way for making an anticke dance, which ts not fo 
violent as the former. 


SPFars Akconcof your largefort of wheeles, and faften it 

SPS On an iron axeleree, fothat the wheele move the 
248 axeltree with his motion; then let there bee a fcrew 
= filedon the faid axeltree, which may bee fitted to a 
ext {inall wheele of tenne teeth or thercabouts as you 
£, Heke pleafe, forthe more teeth there is in che whecle,the 
peat w Oe {lower itgocth, andeafier, c# contra : which wheele 

- let ic be fo faftened co an axeltree, (on which the 
board bearing theantickes muft ftand) that the fire wheele turning about 
verticall, may move your worke hirozontall, which will move fo flow, 
that the fre whecle will be tenne times about, before your Motion will 
move once about, which being done neatly, will prove a worke of preat 
contentracnt. The forme whereof is expreffed in the feventh Figure by 


theletrer F. 


A The fire wheele placed on an iron axelvree, and made faft to it, 
BThe ferew made on thefaid nxeltree, or filed out of the fame finffe. 

C The wheele which theaforefaia fcrem muff be fitted torunne with, which 
muft have (0 meny teeth, as you intend twe fire wheele frall mive about for 


once of your motion. i | 
D The (quare board onwhichthe antickes fiand, aud is faftened to the axel- 


tree which hath the wheele. 
E A place for alight to burne fo long asthe worke indureth. 
FEF The-detentes or pieces which come thorow the board fromthe fost 0 i; 


eachanticke, *~ 
GGG Certaine pinnes ftanding upright in the fixed beard, tothe end that 


the others paffing by may be turned about, 


Sem pee 


Crap, XXV I. ; 
How to compofe'a Cafile of fre worke with the manner of 
placing the workes in a true order. 


eer Repare a Caftle of wood, or plate, of what large. 
YX nefle you pleat, the which (hall ‘bee made. foure 
Wa (quate, with round towers and battlements, and on 
the top or inner part of that worke, let there bee 
a lefler tower of thefame fafhion,, with-@ Vane on 
¢@ thetop, or ficha like Figure, which having pro-, 
4Qy vided, lee there be a place made clolé ra the battle- 
mints, or within one inch of them, tolay your con- 
vciances, (which let be of brafle) which is for your reports, ‘which muft 
be placed beeweenceach batrlement, atid fhall-bave little pipes of braffe 
to pive fire tocach report, which muft be {crewed into the great convei- 
pCa ance; 


. ET sec fete Sir cee 
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~~ ance; which conveiance let be filled with your compofition for rockets 


of 11. which is one pound of powder to 3: § of coale duft; and by this 
meanes you fhall have them all fire is order, without any contufion; 
which having {pent itfelfe, fhall give fire to another conveiance, which 
fhall be placed furtherin, with a ftrong wall betweene, fo that the fire of 
one doc not offend the other: the ufe of this conveianceis to place divers 
rockets on, fo that they may fire one after another, and thall take fire as 
foone as the reports are ended. Now for the foure large towers, you thal 
provide foure pieces of wood, turned and fitted to flide in exa@ly, and 
{hall bave divers {mooth holes boared round thorow theout fide of your 
tower, and the wood, till they mect with the hollow which paffeth 
from the top to the bottome, or within an inch, which hollow fhall bee 
oncinch and a halfe diameter, and muft be filled witha very flow mix 
ture, (to the end it may continueas long as the worke isa burning) then 
place fome Fifgigs round in thofe little holes, fo that the mouths may be 
inward and primed, which will take fre one after another, and flye out on 
every fide of your Caftle, which will pive great content : for the manner 
of firing this, 1 could with, that it were firft fired at the foure uper towers, 
and that through one ofthe corners, may beea hole, which may goe to 
the uper conveyance, that fo thofe reports may fire next, and atthe end 
of chat conveyance fhall be another to pafle downe to the lower tier of 
reports, and at each corner of that conveyance fhall bea holeto paffe in- 
to thofe lower towers, fo that by that time all the reports are fired, the 
towers fhall be all on fre; then atthe end of that conveyance, (as J faid 
before) let your conveyance for your rockets bee placed; which taking 
fire orderly, will conclude the worke. Thefe and thelike arefor the plea- 
fure of princes and great perfonages, rather then for the vulgar. The 
forme of this Caftle is laid downc in the eight Figure by the letter A. 


BBB Expreffeth the angles of the lower tower. 
CCC The angles of the higher tower, 

DD The couvetance that fires the reports, 

E The conveyance paffing to the rockets. 

EFF The Fifgigs placedround each angle, 

GG Reports placed onthe battlements. = 
HH Rockets placed farther in with awalt betweene, 


Cratl XV ie 2 
How to reprefent divers motions ina Caffle of fire-worke, 


a, 


fasxgy Aulca frame to be made, placing thereon two Ca: 


, ftles, chat they may flandabout twelve foot diftane 
ig, onc from another; this frame muft bee fo ordered, 
that it may bee hollow underneath, which being 
done, let the dores of thofe Caftles bee placed the 
gi Oncoppofite.co the other, at each end ofthe faid 
? frame, and juft within each doore, let there bee a 
oy) KOWwlec! 
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Pyrotechuia, or, 
rowler of wood, foure inches diamerer, which fhall have iron pevikts or 
points torunne upon, that they may runnethe more cafie; and let thofe 
roulers be put full of {mall pinnes, and a girt put roundabout them,to the 
end thatthe rowlers moving circular,may draw the girt in a Rtraight 
Jine, then placing fome antike Figures on the girt(fo that they may move 
about with it) place your fire wheeles upon the axeltree of each rowler, 
providing another rowier at each end to make it {lide more eafily; fo 
firing the faid wheeles, you fhall fee the antikes come one out of one 
doore, and the other at che other doore, meeting in the midft, and when 
they come atthe contrary end, they makea returne with their heads 
downeward, and come up againe atthe fame doores they went firft out 
of, which will continue running, fo long as the fire wheeles continue. 
And when the wheeles ftand ftill, che reports fhall goe off on cach rower 
one againftanother, which fhall be doncarter this manner: let one ofthe 
fpoakes of both your wheeles be hollow, and alfo part of the axeleree, 
which let be filled with powder daft, and the rocket which fires laft, {hall 
be placed-over that fpoake which hath the vent, with a piece of cotton 
wicketo fire it, fo will icrunne downe thorow the axelerce, which (as I 
{aid) muft be hollow, and muft have paper pafted overit, fo that as foone 
asthe fire comes there, it kreakesthorow the paper, and fires a traine 
which is laid round about it, which traine pafleth to a ftanding convey- 
ance, which goeth up tothe batelements, and fo giveth fire to thofe re. 
ports; which having paft each corner, the lower tower fhall fire as it paf. 
feth, and from thence paffe to an ipwer conuciance, which fhall fire {o 
many rockets, as may bewellplaced aboutie; this being wélland order. 
ly performed, will give great content. The forme whtercof is exprefled 
in the eight Figure, N BB, ' * = 


BB Reprefents the two Caftlesveady fitted with the frame. 
AAThetwodooresoppofte. _ : 
B The two figures moving forward, 

CC The two fire wheeles which canfeth this motion. 

C Reprefents the frame for this motion, ay 

DD The two fire wheeles fixed onthetr axeltrée. 

EE The Roler each wheele zs fixed to, am, 

E F The other Relers which guide the girtsy 

G G Thegirts paffing from ene roker to the other. 

HH Thefigures placed onthe gives, 9 
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CHAP. XXVIIL 


Another sway to performe the fame motions, and spill not be {6 
violent as the former. 
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77, Repare your Caftle with the framefittedas the former, 

>, onely upon the axeleree of cach rowler, let there bee a 
{mall wheele with teeth, and likewife muft there bee a 
{crew upon theaxeltree of cach fire wheele, whichmuft 
be fo fitted, that they may draw thefe wheeles about, 
which if they be well fitted, will move them with great 
facilicicsand whereas the other fire wheeles were placed on each fide,thefe 
mutt be placed behinde, or underneath, which you pleafe, or findemoft 
commodious. Now you muft note that your fire wheele-moving once 
about, moveth but«one tooth of your other wheele by reafonof the 
icrew which drawes him, fo that if you make tenne teethin the faid 
wheele, your fire wheele fhal! make tenne revolutions for one of your 
rowler: by this meanes it will move after a farre more eafic manner then 
the former. ~The manner of this is reprefented in the nineh Figure, 
AAR. | | 


AA Reprefents the two Caftles ready placed. 
Ro The frame for themotion, ~~ " 
‘BB. Dwefire wheeles which forceth the reft of the worke, 
/ CC The {crews faftened onthe axeltree of each wheele, which forceth thé 
rbyvhr. ee a 
PD Thetwo wheeles which are placed on therowlers, and fittedto the ferew 
which force them. : : 
PP The two girts on which the fighres are placed, 
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How to reprefent the forme ofanarmy of an bundred men mar 


S _—-ching,svbich [ball prefent and fire as one certaine place 


eee Hic ground ofallthefe motions, are wheele workes; 
| wherefore to proceed; you muft provide arowler 
of two foot long ormore, which muft be madeand 
placed asthe forementioned, to be drawne by two 
{crewes faftened to-the fire wheeles, in regard. of 
thegrcat weight they are to draw; alfo they muft 
be fomewhat large wheeles, with rockets of the {er 
cond fize, which is five ounces in each rocket, pla- 
cing about each wheele, 20. or more, which having provided, you ‘ig 

: a i | ike. 


eA riffciall Fire Works. 


= —S— = _— : 
SS aen 


likewife get you fo many figures of fouldiers, which muft bee cut by a 
Carver, and ought to have the joyntsloofe of the right arm of each,with 
a. wyer or detent, to come dewn from the arm to the thigh of each, and 
likewife another, which may move that, and come tothe fooe:; ‘then 
place thief on feverall girts, fo that they may ftand ten in ranck-and file, 
and may be an inch between each, to the end they touch not atthe feer, 
but every file may run ina feverali groofe ; then placing {mall peeces in 
theirhands, which muft bee ready loaded and primed, fet thicm going, 
and within two foorof the end of their march, Ict there bee a crooked 
peece of iron fuck up, between each file, fo that they may ftand iuftin‘a 
ftraight Jine, tothe end that when the fouldiers move to that place, .the 
detents or wyers are forced agdinft thofe pins which draw back the 
arm, and fo puls the trickers of each Peece in that ranck, fo that the 
wholeranck will fire aleogether, if they bee well ordered; aud asthefe 
have fired and paft, another rarick moveth forward 'to the fame place,per- 
forming the fame; thus continuing till they have ali performed the like, 
which being finifhed, and ‘all paft, they (hall make a fecond: march, 
orderly withoutfiring... Chis being well and carefully ordered, fhall not 
faile, and will bea veryrare.workto behold, but will prove extraordina- 
ry coftly to the owner thereof. . : 

~ The form of this you-thall:finde'in the ninth figure, by the leeter R? 


Ereprefents the whole frame, with all the parts thertof, 
EB are the two fire wheeles, being placed ane at each endof the rowler. 

GG the ferewes, being faftned to each fire wheele, which move.ihe two 
wheeles placed on the rowler. ~~ ee les 

H H thetwo wheeles being placed at éach énd of theromler, 

I L two rowlers, about which the gixts do paffe, whichiearry the whole body 
Of MENS ore ee | Se, : 
: K K che girts on which the figures are placed, each 
fothat in the whole there willbe anhundred.. ° 


. 


Lreprefents the figure of 4 man ftanding in that pofture as hee ought to bee 
made, | 
M Js the detent which is faftened to the right arme,and js to flide on a joynt, 
being faftened to the thigh ; fo that tt may move the arme, ° 

N unother detent which moveth rhe former,as it paffeth by the pin, 

O the pin which putteth by the faid detent as tt commeth tot. 

qq thefaid pins tn theirright places... byt 


gut having upon it ten, 
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CHAP. XXX. 


How to prefent mufick playing, (by the belp of fire) with anticks 
_ dancing. aT : ‘ 


re. ey, Aule an inftrument to bee made, reprefenting the Virgt- 
, nals, andto it fie a Barrell fee with feverall tunes, (as I 
fhall fhew you in another Treatife hereafter) then let 
there be a wheele with teeth faftned on this barrell, and 
a fire wheele, with a {crew on the axeltree, as I bave 
fhewed before, which {crew may be fo fitted, t hat as it 
moves round the barrell one way, fo it may move another wheele, being 
placed on the fide, which wheele fhall move certain anticks,.as the mu- 
fick playeth. This and many more may bee performed by the motion 


of wheele work. 
The form of this isexpreffed in the tenth figure, by the letter A: 


B the firewhecle, fixed onthe axlerree, which moveth afcrew, 
= the ferew, moving awheele placed onthe top of it, and another on the 
eee . 
: D the wheele faftned to abarrell fet with tHnes, "rT 
E the wheele placed onthe fide, which hath a pinton at the end of the axel- 
avee, marked F whith carvieth about the wheeleG ; on which there are pla- 
ced foure antichs : this wheele moveth foxre pinions marked U,.on which 
placed foure other anticks; + % rey ne ee el 
Ls the barrell fet with tunes. a 
K the pallats which cauferh thejacks to move, ° 
L the jacks which paffe up to the firings. : | 
Ma board or frame covering the firings, on which ss placed the anticks. 


’ 


Having {poker fafficiently of the order of motions performed by 
wheele work, I come now to fhew fome things that may bec donc on the 
Line. | 


~ CHAP. XXXI. 


How to make a Dragot, or any other creature to run on the Line, 
by the belp of fire. 


ET your Dragon be made either of pafteboard, ot 
elfe of fine rods, fuch as your Basketmakers ufe ; 
which muft bee made hollow, with a place in the 
belly to put intwo rockets, and fhall bee fo or- 
dered, that there may comea {mall pipe from the 
tayle of one, to the head of the other ; then make a 
placeinthe eyes, and mouth, to putinto cach hole 
fire, which fhall be made up in rowled paper, and 
thruftin ; then on the top of the back lee there bee faftned two {mall pul- 
leys for the lire to run in, which being done, your Dragon is i. to 

ing, 


es 


ra re rere —— 
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firing, which muft be thus ; firft fire it at the eyes, and mouth, (alwayes 
noting, that this receipt mutt be fome flow mixture, fuch as your ftarres) 
then fire that rocket which is placed with his mouthtoward the tayle of 
the Dragon, which will make it feem to caft fire from thence, till hee 
come to the end of his motion , and then on a fudden, as a creature 
wounded with fome accident, fhall return with fire coming forth of his 
belly, which being well ordered, will give great content. 
The form of this you thall finde in the tenth figure, by the letter B, 


Breprefents adragon to bee forced with rockets, which are placed in the 
. C a place made to putin arocket, which muft be putin at the tayle, with 
the month of the rocket outward, ; 
, Dea conveyance from the tayle of that rocket, tothe mouth of the next, 
which commeth ont at the belly, : 
E Erwofmall braffe pullees, faftned in a frame on the back, for the line to 
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Another way for making a fiery Dragon to palfe on the line with- 
out the belp of ire. 


ped N the former Chapter, I fpake ‘of a Dragon of a 
1 {mall fize, of a foor in length, or thereabout ; now 
Icometo fpeak of thofe of a greater magnitude, 
which cannot-fo eafily bee forced with fire, ina 
ftraightline, without fome artificiall help ; for 
Art muft bee alwayes as a handmaid attending 
on Nature, to help her inher work ; therefore 
having prepared alarge dragon, you muft make 
divers hollow truncks of wood, within the body, which thallbee to caft 
out fire, andon a fudden divers {mall bals of fire, other times a great 
number of fmall fisgigs. Now to make this run on the line, you muft 
havea hollow trunck faftned on the back, between the wings of your 
dragon, which mutt bee fomewhat bigger than your cord, with a {mall 
hole chorow eachend ,; the ufe of thofe {mall holes is, to faftes a {mall 
cord, which muft be fo faftned, that one end thereof muft bee faftned at 
thchead of the Dragon, and fo pafle over a pulley; (which pulley thall 
bee faftned at the end of the line) and returning thorow that hollow 
tranck in the back, it fhall be put over another pulley atthe otherend of | 
the line, and fo making a return, fhall be faftned to the hole in the hinder 
part of thetrunck. Now one of thefe pulleys fhall have a handle or 
winch to turn itabout, which fhall caufe the dragon to move, and hall 
be a help to the drawing of it backward and forward at your pleafure 
after this manner you may form many works on the line, which others 
wife cannot be done, The form of this is fee down in the eleventh figure, 


by che letter A. » 
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A reprefenteth the dragon ready finifhed, with all his works. 

BC the manner of the hollow trunck which the cord mut paffe thorow, 

B 4 place for faftning of a {mall cord, which muft paffe over the pulley, 
marked D, wa 

; D the manner of faftning that pulley which muft bee at the farther end of 

the line. | 

0000the manner of the paffing of thefayd line which ts thorew the hollow 
trunck, and fo over the pulley marked E, and then faftued to the other end of. 
the trunck marked G; — 

F a handle or winch belonging to one of the pulleys which maketh the dra- 
gon move forward and backward, as occafion profereth. _ 

HH thegreatline on which the dragon pafferh, and is only for keeping st 
freaddy in the motion, | ; * 


re 


CHAP. XXXIIL 


How to reprefent S. George fighting with a Dragonin fire on the 
Line. ll | 


FAA Aving prepared your figures artificially made, you 
mutt make a hollow trunck thorow thebody of 
cachfigure, for a greatline to pafletherow, and 


from cach other ; which muft bee faftned in this 
manner: at the breaft of the dragon let one end 
of one cord be tied, which fhall paffe thorow the 
body of she George, and returning it abouta pul. 
ley at the other end, faften it to the back of the George, and at the breaft 
of the George let another cerd be tied, which hall paffe thorow the bo- 
dy ofthe dragon, ora tranck on the back, and fo returning about a pul: 


ley at that end (hall be pulled ftraight, and fafined tothe tayle of thedra- ~ 


pon, fothatas you turn that wheele, the George and dragon willrunne 
fatioufly at each other ; and when you pleafe you may caufe them,to 
makea retreat, andcomeon againediverstimes ; butin all thefe works 
forget not tafope your linc extraordinary well, and likewife havea care 
that your work be not too heavy above the line, but that they may hang 
equilibrio, otherwile they will turn their heclesupward, which would 
bec a great difgrace tothe work and workman : there might bee much 
written upon this famefubieét, butto the ingenious, J thinkic is {uffici- 
ent, they may order their works according to their own fancies ; only 
hereis the ground of the matter. The manner of this is reprefented in the 
eleventh figure, by theletcer Be 


C reprefening the George. 
D the dragon, : 
E the finall line fafined to the head of the dragon, and paffeth therow the bo~ 
dy of the George, - ‘ 


likewife for a {maller line to draw therh to and 
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 “‘Ethe pulley which guideth the fasd line. 
G the place of faftning the other end of that line. 
H another line fafiaed te the breaft of the horfe, which pafjeth’ thorow the 
hollow trunck of the dragon, a mw 
_ I the pulley about which it paffeth, and is faftned to the tayle of thedrdgon, 
K the place of fe aftning the [aid line to the dragon, | 
LL the great line which guideth thefetwo figures. M4) 
M the winch or handle fafined to cise of the pulleys, and % for the moving 
them forward or backward.’ 


CHAP. XXXIV. 


How to make a trunck of :fire, which fball caft forth divers fire 
bals. 


BS AN Rovidea trunck of foure inch-boare, and two foot 
oe am \\ 


| 
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. ¥ long, with a hollow place in the bottom, of two 
Zi inch boare, & as much deep,to the end it may be 
ees putonattrong pofts let there be.a bottom left be- 
eSOWN tween theewo boares, which fhall be two inches 
Re) thick, fo that there wili be twenty inches left for 
“au yout work, ‘which (hall bée filled as followeth ; 
fit fill it with corne powder one, inch, then put 

in your ball, which thal beé five inchies.anda haife, and round aboutic , 
put powder duft, till you come tothe top, then fillit ewo inches anda 
halfe with flow mixture, aad on that cwoiaches of,cora, powder : then 
put a another ball, and afreritflow mixture; which fhall be filled {10 the 
top, and fo referve it for your ufe';\norerhut you mult curn three places 
for arming ofit, which muft be done cither with iron hoops or elfe with 
cords, to theend the violence of your corn powder burlt it not 5 your 
upper ball fhall be made after this manner : Having made ready a cafe of 

canvas, fill iewiththis mixture following, 


‘Tike 2 Lsof falepeper 39 
‘ L. of powder drfh_ 
iL, of fulphur vive. 
2 Sof camphire. 


: a % of syle of petth. ‘ 


Mix thefe very well; tillitbecome fomewhat tough; and heh fill your 
ball, and arm it? leaving feuiré vents, into:which you thall put foure fmall 
Aicks, till fuch time you have coated ; themanner of coatings, to dip the 
Gallia mixcife of pict, rolia; tallow, and fulphur, but this is for bals of 
longer contitmance'; the coating for this ballfhall be as followeth ; 


D3 2 pate: 
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_ The receipt for coating, 
- 2b, of pitch. 
34, of vernifo. 
1 & of fielphur vive. 
2 & of powder duf, 


Mele your pitch and fulphur,and then pourein your vernifh and pow. 
der duft, and while itis hot dip in-your ball, and then caft a little fine 
powder duft over it, and fo let it coole a little, and then dip it lightly a- 
gaine, and fo you have itready 5 whenyou ulcit, pull out your foure 
fticks out of the vents, and fill ehem with powder duit, and fo put them 
in, The lower ball whichis laft fired, fhall be full of ftarres, with pow- 
der duft intermixed, to break the ball, thefe fhall be primed with cotton 
wick made of purpofe,to the end it may not fire the bal til it be upa good 
heighth, and then to break intoa fhowre of ftarres. 


The receipt efthe compofition for the tranck. 
1 1, of roch peter, - 
» 1. of fine powder duff. 
4, of [ulphur vive. 
2 & of camphir. 
1 & of “infeed oyle, 


The forme of this trunck is teprefented in the twelfth figure by the 
letter A: 
’ A reprefents atrunckyeady finfred, with two bals. 
B the ballwhich lieth sppermoft, and 1s filled with flow compoftion, 
C the lower ball, which ts filled with flarres, i me 
Dihe flow mixture at the top of the trunck, 
E the corn powder to fend forth the upper ball, 
E the fecond lay of compotion, 
G the powder for fending forth the lower ball. 
000 three places left for arming the [aid tranck. 
H the bottom of the tranck, which muft be twotnches thick, ie 
I aplace left 20 put ina poft of wood for it to and o7, 


in : 


CuHar. XXXV. 


The manner of making a Club, which being fired, (ball caft forth 
divers {mall works, or fisgigse ive 


WE 2 ye Aufe apeece of wood to be turned.of foure inches diame- 
» ter, boareit one inch and ahalfe from the top toward 

the bottom, only leaving a bottom ofan inch thick, and 
likewife a place ‘underneath to putin your club ftaffe, 
the length of this trunck may be cightecp inches ; then 
Soot draw a circular or {piral line, *fr@ri the top to the bot- 
com, which let bee inthe manner of a {crew, every thred being aninch 
and a halfeafunder, and in that line boare fmall holes, (of the bignefle of 
one of your fisgigs) till you come within a quarter of an inch of the bot- 
, tom 
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tom ofeach hole ; and then pierce it with a fmall piercer, till you come 
to the foule of thetrunck. Having done this, make {mall wyers fit] to: 
each hole, which let be faftned, fo that they may ftand oppofite to the 
faid holes, within two inches off from each hole ; the ufe of themis, to 
keep your fisgigs more upright and fteaddy, which otherwife would bee 


apt tofall out, by reafen they muft bee put in very flack, or elfe they - 


would not foecafily come forth, when they fhould, then load your trunck 
with the flow mixtureappointed in the former chapter (for a trunck) 
and putin your fisgigs, priming each, and likewife eachhole, and fo fi- 


ring itatthe top, you {hall finde them come forth one after another, as’ 


your trunck burneth downwards, which fhall {catter abroad after acon- 
fufed manner. The form of this you fhall fee in the eweltth figure, by the 
lecters EI. | . —T & . 


1 


E reprefents the form of the club without the wyers on, or any other work, 
La the [aid club ready finifhed with allhiswork, ‘ 
K the wyers placed for to ftay each fisgig in hts place, 

L the fisgigs placed. “ 

M the place of firing. 

N the club faft put into the bottom. 


ned 


Cuari XXXVI. | 
Another fort of club, which being fired, {ball give many reports. 


Z, Rovide a ciub like unto the former, but let notthe holes 

, be boared fo big, but only that a {mall quill or pipe may 
go in for a vent toevery breaker, then having boared 
your holes at proportionable:-diftance, cut fo many 
hollow groofes with a googe or halfe round chifll, and 
firthem to your breakers of paper, and place fo many 
reports round about it; your reports or breakers for this work fhail bee 
madeas followetb ; upon arowler of halfean inch,rowlefo much paper 
till you makeit an inch thick, and better, choaking it clofe at one end, 
then fill ican inch and a halfe with good piftoll powder, choaking 


it at the other end, fothatit be very clofeat each end ; then pierce a 


{mall hole'in the middle for a pipe to enter in, which mutt bee filled with 


4.30 


powder duft, and put into the {mall holes of your tfinck, very clofe,then . 


pitch them well round about, and poure pitch all over, that che work ~ 


may not befeen’; and likewifecharitmay hold your reports clofe toge- 
ther ; this pitch likewife when the fire commeth to it, willeafily fire,and 
make a very furious light, which will give great content. The form of 


__ thisis reprefented in the twelfth figure by the letters O and V. 


O reprefenting the club without the reports placed, 
‘A the groofes to put inthereports, with ahole inthe middle of each groofe 
to pat inthe quill. 
R arepore with a qusl ready to be placed sx the club, : 
the 


f 
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“ the manner of the quik which muft bee put into thofe Small ihe to ae the 


reports. 
Ae the club finifued, with the reports placed init, ‘ 
BB the manner of the reports as they are placed is the faid club. 


» CHAP. XXXVII. 
Anotber, which I call lack in a box, 

» HE. order of making this is after this manner ; 

rovide a box of plate, of what Jargenefle you 
pleafe, which ict be fix inches deep, with a focket 
at. the bottom to putin’ your flaffe, then putting 
ina quantity of corn powder or powder daft, (in 
the bottom of the box) you fhall fill it with fis- 
gigs, or ferpents, leaving a place in the middle for 
acane to go thorow to the bottom, which cane 
muft be filled with flow receipt, in which youfhall put a quantity of 
camphir, but no oyles, in regard of the narrow paflage it hath. to burn, 
without any other vent; then put your cane down, leaving it an inch 
above the box, and take a peece of thick paftebord, cutting 2 hole for 
the cane to paffe thorow, and glew it clofe to the cane, to the end the 
fire pafle not thorow before the appointed time ; this paftebord muft bee 
of fufficient breadth to cover your box quite over, then put it ona ftaffe, 
and light your cane, which will appeare only likea candle, and after a 
pretty diftance of time you fhall hearea fudden soy fe, and-fee ail thofe 
fisgigs flying fome one way, fome another. “This toy hath given rear 
content to the fpe@tators.: The foim of this is {et down in the twelfth . 
figure by the letters BC D:. | > 

B the box without any thing init. 


C the fisgigs placed in the box. | 
D the box finifbed, with a cane paffing thorow to the bottow. 
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CHAP. KXXVILL 


How toreprefent the Sphere, moving inthe ayre,without any other 
fapportation. 


ay, Aufe a Sphere to bee made fomewhat light, and on the 
horizon place your rockets, and in the zenith or upper 
part, {let there bee 2 pinne pafle thorow the meridian, . 
with ating faftned toit, to hang it by ; this muft bee 
fatned to alarge Kite, fo as the Sphere may hang fix 
foot under it, then faften a match of cotton to the nefe 
ofthe firft rocket, andlightit, which having done, raife your Kite, “i 
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by fuch time as itis at the higheft, the rockets fhall take fire, and fhall 
caufe it to make divers revolutions in theayre; you may place the midft 
of this (phere fallof lights, which will feeme very ftrange. The manner 
of this is reprefented in the twelfth Figure, by the letters iC andS. 


K Reprefents the Kite whichis fupported by the ayre, and to which the 
fphere is faftened. <I ' ; 

S The {phere with ak his.cercles, the rockets being placed about the horizon, 

HH The horizontallcircle about which the rockers are placed, 


Cuarp, XXXIX. 


How toreprefent the (phere, with divers circles, fome 
moveable, others fixed, 


==] Aufe afpheare to be made, cither of wood or mettall, 

qi] the outward circles reprefenting the meridian circle 
#3) | with the horizon, the next within hall reprefentthe 
\ | Collurs with the equinoGiall, likewife the tropicks 
ais4\| and zodiacke, whofe poles fhall be 23 degrees: from 
Use ee se)| the poles of the world; by which mcanes the eclip- 
S—_ = ticke fhall bee exeentricke to the equino@iall, 
(which fhall be exprefled) fo chat faftening rockets about the equinodi- 
als, and placing two {mall lightsin the zodiacke, the one reprefenting the 
Sunne,the other the Moone: you fhall {ce them move about theearth, 
(which is placed inthe midft of the {pheres) according tothe rules of 


+ Tisho Brahe, and (hall be according to their naturall manner of motion, 


which is continually rifing and fetling in an oblique motion to the hori- 
zon and meridian, which alwaies ftand fixed, and the reft moving on the 
poles of the equinoétiall, although the eclipticke bee framed from its 
owne poales. The forme of thisis reprefented in the twelfth Figure, by 
the letter T. | : ; 


M Zhe fixed Meridian, 

A AThe Horizon, 

EE The Equinothiak, 

EE The Eclipticke with the Sunne and Moone placed round. 
PP The pales or axeleree abont which all the inser circles meves 
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Cruare. XL. 
How to make a balfe mone of Rockets to appearein the ayre. 


Rovide a picce of planke of two inch thicke, and 
WS turncittoa halfe round, then cut fo many groves 
fz (from the center to the circumference) as you in- 
tend to place rockets about it, and on the other 
fide, let there be rings for every rod to paile thorow, 
A) of which let one of each bee clofe to the top, and 
1, another néere the end of each rod; and note that the 
planke mutt be fo large, that the ends ofall the rods 
mu meet in thecenter; then prime each rocket witha quill filled with 
powder duft, and put on the top.of each groofe, till you have placed 
your femicircle full, then having primed thefé groofes, (which comes 
from one center tothe circumference ) pafte paper over them, and fo let it 
ftand till you fire it, which is done after this manner: fet this fame at the 
top ofa poaft, abont fourc.or five foot from the ground, and prime it (at 
the center) with alittle cotton wicke prepared for that purpofe, and fi- 
ring it, you fhall fee chem take fire a!l at one inftant, and fo will flye cir- 
cular, in the forme of a halfe Moone. The forme whereof is reprefented 
inthe thirteenth Figure, by the letters AB. = ; 


A Reprefents the forepart of the frame, in which oné prefents the groefes 
which paffe to each rocket. wines 

DD The guils filled with powder duff, entring into the groofes with one end, 
and into théerocket with the other. a | | 

B Reprefents the backe pare of the frame, 

EE The rings below, : 

EE Therings above. — 

GG The rockets placed on the frame, 
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CHAP. XLI. 
How to make a cafe of Rockets to rife at once. 


PSSM] Anica frame to bee made about two foot {quare, with {mail 
ANT oroufcs, two iaches afunder, and betweene each groofc, 
Xap} boarc holes for your rocket rods to pafle thorow; you may 
MV) «make tenne groofes, and in each groofe. you may place ten 
rockets, fo you fhall haue a hundred rockets in one of thee cafes, which 
fhali fire all at once; theremuft bee acroffe groofe made in the middeft, 
and in the center of thar groofe, fhall you fire it, which fall feddenly fire 
allover, being primed with aquicke traine of powder : the charge is 
ereat,and quickly fpent, butit makes a very glorious fhew: 

The forme of this is reprefented in the 13 Figure, bythe a a 
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i tA AAA Reprefents the (quare of your cafe which zs grooved. 
The white ftroakes fignifie the groofes which are tobe filled with powder du; 
whereon the mouth of your rockets muff be placed, 
The other [paces expreffe th holes where your rods pafe thorow with «hole 
in the midft to fire st at, i Tear 
B Reprefents thecafc filled with rockets, thetr rods paffing thorow,,and zs 
made long, to the end there may be another board at the bottome for each rod ta 


paffe thorow, that they may be kept more fready. 
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CHAP. XLII 


How to make letters; or any ocher figure appeare in the ayre, 
after the fpending of a Rocket. | 


Za Aving confidered of what largenefle you will have 
— yourletters or figures, make them of paftboard, 
leaving a hollow-to put in fmall quils, (which 
fhall bee filed with acleare and ftrong mixture) 
ther, putin your quils, and glue them taft in; and 
and fo,have you 'tinifhed it, till vou comeco.ufe it, 
There is another manner, which is thus;provide a 
mould: of plate, and cut out what letter you pleafe 
in waxe, which having done, fticke it full'of quils‘in'an orderly forme, 
and put this onthe head of your rocket: note this, that.thefe are onely to 
be ufed on very. large rockets: The forme of thefe are reprefented in the: 
thirteenth Figuieb PF. aren ee! ae aaa 


> 


Thefarme of the letters, the white [pots frgnifying the place for fo ma ny quils 
5 filled full of flow mixture, tobe placedin, as ae 
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GHAP. XLIIL 


1 


How to repreent a figure of the Sunne cafling forth hts 
beames, in fire. daiee abi Med 

Aufe a boxe tobe made of plate, too inches long,and 
one inch diameter, which muftbe filled with your 
flow compofition, and let the head be made with 
{mall groofes, crofiag the center, totheend you 
may lay in certaine {prings of ftcele, fuch as they 
ufe to {mall Watches. Thefe fprings fhall bee a- 
bout fixe inches in length, and muft be foure, fo 
that borh ends of each appearing, will make eight, 
which will make a circular forme, the boxe being the center; now to the 
end of every onc of thefe {fprings, muft be faftened onc of your {mall Fif- 
pips, & then bent up clofe to the boxe, and fo put into your cofineat the 
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~ top of your rocket, with. powder duft and cotton to fire andbreake the 


coffine, which as foone as it breakes, the {prings will caft forth your Fit: 
gigs, and make thera feeme likethe fparkling beames of the funne, and 
‘the mixtiirein the center will !@eme as the body of the fame; this’ will 
continue 3 while, and then you fhall {ce it breake with divers reports; 
This] had from a noble Ceptaine of this: City, namely Gaptaine Fore- 
far, who invented the fame, the forme. whereof is reptefented in the 
thirteenth Figure, by the letters L M. 


L Being the boxe with the (prings faftened to the top, with a Fifgig at the 
end of each. 

M The faid boxe finifbed with the [prings bent read iy to put onthe head of a 
Rocket; the mouth of each Fifgig muft come downe to the mouth of the boxe, 
and fobe pet with their mouthes all downewards, 


Having fpoken fafficiently of workes operating in the ayre,] will thew 
you fomething which thall ferve for ground workes. es 
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Howtomake a Rocket which firing it out of your hand, foal con 


_ tinually be in agitation on the ground fometimes and 
1 Other sphiles.about inthe ayre. am 


ries a 


esate Aving prepared a Rocket, with areport in the head, tyeit 
O) (oA6) fy toa bladder, fo thatthe end of the Rocket may come to 
@_ themouth of the bladder, and binde itover very ftronge 

ly;then firingit out-of your hand, caft it away from . 

you, it matters not which way, for it will come to the 
ground, and by reafon of the bladder, it cannot ftay, but 
prcicatly rebounds upward, moviug to and fro, tillit be all fj pent. There 
is another fort, and that is a (mall-Rocket pur into a bladder, and fo 
blowne up round about it, and tyed about the necke of the Rocket, The 
forme of chefe are reprefentedin the 13 Figure, by the letters GH. 


G The Rocket with the bladder at the taile of it, 


H The Rocket in the bladder, Ss 
ie 
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CHAP: XLV. 


How to make a ball which fball tein continuall agitation onthe 
ground, sill the fire ts confumed. 


®) Aule a ball to be made of forte light wood, which 

}, muitbemadefo,as you maytake ir afunder juft 
inthe midft, then make on each fide a hollow 
groofe to lay in two rockers (joyned together af- 
ter the manner of your runners) fo clofé up your 
bail faft with glues oncly in the place where the 
two Rockets joyne, {hall be a groofe, which fhall 
bepatted over with paper, thar the fecand rocket 
firing, may havea venr, otherwife your ball will ferve but once. Then 
fire it, and you fhall have your defire, This is reprefented in the 33 Fi- 
gure by the letters I K. - no , 


I Reprefents a part of theball, asit ready to place in the Rockets. 
K Reprefents the ball, with the Rockets placed in, fo that the other fide be “ 
ing joyned, makes aperfett round, | 
CC CThe vents to each Rocket, which being clofed, muft have paper glacd 
over them, that they be not feene, °° ~ a ri 
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How to make another fort of Bales for. the:eround, which 
will be along time in their motion, 


=A, Aule a ballto be made of fome light wood, and Ietit bee 
PY | hollowed, to makeit the lighter; then fie in two piccesof 
Wig wood, fothat youmay-make both fides equall, which 
GB picces of wood {hall be fo grobfed; that :youtmiay lay in 
SS fomany Rocketsas may weil be contained aboutit, pro- 
viding thatat the end of each proofeor rocket, you may 
havea vent thorow, your ball, then place in your rockets as [have fhew- 
ed you forthe wheele: which having done, glue them faft in, ro the end, 
that by che motion ofthe ball, they may not be difordered, then ioyne 
your ball rogether, andgluc itfaft with paper round aboutit, to the end 
the vents may be covered, oncly Icaving one open to fircit, fohave you 
this bail finifhed, which firing, will contidue along while in motion, 
Figure 3 6. ; ' me : 
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A The ball turned hollow amgth groofes to lay in your rockets, 
 BThe other part of the ball, with the rockets faftenedin, 
CCCC The-vents at the end of each rocker, ‘ 
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- you fireit inthe mid@, they will both take fire together; 
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CHAP. XLVIL 


How tomakea Dragon iffuing forth of a Cave, which fall 
caf out much fire, : 


4 


Rovidea Dragon of fome light matter, as wicker 
rods or the like, which let bee made fo, that you 
may put into themidft of the bady, one of your 
greateft rockets,and clofe under thebelly let there 
beacouple of whecles, which hall bee fo placed 
in the belly of the Dragon, that no part may bee 
{cene, but oncly the bottome which comes to the. 
grounds and let the rocket bee fo placed, thatit 

andy itl (rails ae abbas F body, as the eyes, mouth, and allo. 

ther partss in which you fhall place divers fmall workes, which frit, 
fhall flye out, and makea very great thew, which (hall burne tillall bee 

confumed: this Dragon mutt be fo placed, that he may come forth of 4 

feeming cave; which firing on a fudden, will make a great noy {c,.by rea- 

fon ofthe largeneffe of the rocket, and the hollowneffe of the cave hee 
comes forth, of, The forme whercof is reprefented in the fourteenth Fi- 
gure by the letter G. e : 


G The Dragon ready finifued, | 
A The ee on obidh it muft runne, which mit bee hid within the bod . 
B The rocket placed inthe bedy of the Dragon, which canfeth the motion. 

G The vent which paffeth to thesrocket for the firing. 


f 


— See 
CHAP. XLVIII. 
How to make two Dragons to mecte each other, from feverall 
| Caves, which {hall fend forth their fire to each other 
with great violence, . = 


ait 4, Aving prepared two Dragons (both of one fize and 
We 5 weight) afterthe manner as I havefhewed you in thefor- 
MOUS (mer Chapter; it is requifite that youknow how farre they 
MEY. ot : : 
DAY ly will runic, then place the Caves at fuch .a. diftance one 
Axx trom theother, that they. May mecte cach other in.the 
mid way, and that you may doe this the more neater; you 

fhall have your ground laid with fmooth boards that they may ranne 
more free, and fromthe midft of the:walké,ito the end of cach Dragon; 
letthere bea proofe madein one of the boards, which fhall'fttve toton- 
vey a trainetocach, for the firing of them; then you hall be fure, thar if 
alwaies provi- 

ded you make a conveyance of paper from theboard tothe taiic of each 
Dragon, orto the mouth of cach rocket, which being fired once, they 


thall 
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fall meete, and caft forth their fire at each other with great Polcnct 
The forme of this is reprefented in the fourteenth Figure, by the letters 


AA. 


AA The two Dragons ready to runne. . 

BB Thetwo great rockets which forceth them, 

CC The wheeles which each Dragon runneth on, 

D Themidft of their walke, with the groofe'to cach rocket. 


There are. divers other workes which may bee performed after this 
manner, which for brevity fake I will omit. 
Likewife thereare divers motions to bee performed by the aGion of 
man, as fingle duels, to which appertaine the Buckler of fire,and likewife 
the Curtlax or Fauchion, the manner of which hath beene formerly de- 
{cribed by divers Authors, almoft in all languages, and therefore will 


feeme more then requifite to selate thofe things fo large asthey mightbe; 


for what action cannot man performe by his induftry ? and therefore Ty 


leave every man to his owne order, onely I will fhew you the muking of 


one fort of Bucklar, which as yet hath not beene performed, and likewife- 


the Fauchion.or Curtlax, and firft for the Bucklar, 
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How to make a Bucklar which (ball caf forth a bundved Filgigs, 
everyone making bisreport. = 


® Aufea Bucklar to bee made of fome light wood, 
4 which let be abonttwo foot in diameter or more, 
M as youpleafe, then canfea groofe to bee cut in it, 


ferpentine forme, then fill that groofe with one of: 
your flow compofitions, fuch as hathneither oyle 
9 nor gummes, by reafon the fume thereof may not 

offend the Bearers; when you have filledir, fitin 
pieces of wood, which may have holes to receive a quantity of Fifgigs, 


let every onc bee two inches afunder, and letthere be wyer rings to every _- 


one of your Fifgigsto hold them fteady, that they fall not out, till fuch 
time they fire, then put in your Fifgigs, into every hole one,till youcome 
tothe center,and then (hall you have a very great breaker,fo that firing it 


at the circumference, every Fifgig will flye out as the fire comes to it,and 


will flye againft bis adverfary combatant, till they come both to the cen- 
ter, and then will they give a great report, and fo end. The forme of this 
is reprefented in the 4 Figure by the letters F G., 


E Reprefents the Buckler as it mut be grooved, 
G Reprefents the fame finifhed, with the Fifgigs placed about st. 
HH Reprefents the manner of nfing the fad Buckler, with the Fanchiox. 


E3 CHAP, 


fromthe center to the circumferencein a fpirall.or 
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CHAP, L. 
How to make the Curtlax, Cimiter, or Fauchion. 


Se aa\e Rcparea Curtlaxcither of wood, or plate, which let bee hol- 
x. S > lowed from back to edge, three inches, and letit bee fo thick, 
ar as it may ferve for your {malleft fisgigs, then you thall have 
=e a peece of paftebord fo fiteed en the beck, that your work 
may be clofe covered, only holes left for the ends of your fisgigs to come 
forch ; then you fhall lay in your lances of fice (which is nothing elfe 


but your {low compofition for ftarres put into hollow truncks of ‘paper: 


made on an arrow) and between every lance you fhall put two or three 
fifgigs, which fhall fly out fo foon as the fire commeth to them ; having 
done this, you have finilhed your Fauchion, which muft bee fired at the 
point, and fo burn downward towards the hile. This hath béenformer- 
ly fet forth by Menfieur T bybeviela French Author, and fince by divers 


others. The forme whereof is reprefented in the fourteenth figure, by: 


the letters I K L. 


I veprefents the Fanchion prepared, with a groofe in the back. i 

K veprefents the Fanchion, with holes to put inthe works. 

L reprefents a Fauchion wholly finifhed,with the fifvigs placed as they ought 
zo fland, _ = } 


Having fpoken faficiently of land works, I will come in the next 
place to fhew the making of fome works to bec a€ted on the water ; and 
firft of all I will thew you the making of the water bals. 


a re re gee I 


 Cuar. LL 
How tomake a water ball, which {ball burn onthe water, 
— pith great violence. 


= lrft,having confidered of what bigneffe you will 
(pss; have your ball, cake the circumference and 
\WHAA|| hatfeit, and of hat halfe make a circle, which 
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the halfe will bee g %, which muft bee the diameter of your cloth, and 
muft bee made trueround, fotharfewing two together, and making a 
cafe thereof, ix thall bee almoft fix inches, which the arming will make 
good 5 having made your cafe, you {hall proceedto the filling ofit,which 


fhall be done aftex this manner ; you fhall firft putin three or foure good 
: fpoonfuls 


N, (being as {even to twenty two) muft be 18 ¢, fo. 
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{poonfals of your mixture, and then witha ftick (made round at one 

_ end) force it clofe together, and fo continue filling it, and between every 
filling put in your ftick, and force it together, rounding it continually in 
your hand, till fuch time you have finithed ic. which having done, few 
itup clofe, and then arm it with {mallcord, which is called marling ; af- 
rer you have done that, you fhall coat it with a quantity of rofin, pitch, 
and tallow diffolved, and fo your ball dipped over in the fame, providing 
alwayes that you leave two vents to fire it, which fhall be pierced a third 
partinto your ball, and muft bee ftopped with {mall fticks, till fuch time 
you come to ule them, then pulling forth the fticks, fill the two vents 
with fine powder duft, and firing it, caft it into the water, and you fhall 
have your defire; you muft alwayes let your ball be thorow fired before 
you caft it from you. 


A receipt for this ball. 


Take 1, of powder. 
8 & of rochpeter. 
4.% of fulphur, 
2% of camphir, 
1% of ole of peter. 
1% of oy! of linne, 
3 6of ole of (pike. 
2% of colophonia, ° 


The forme of this bali is reprefented in the fifteenth figure by the let. 
ters A B. | 


AA the canvas ready cut, to be fewed together. 

B the ball finifhed. , 

C C the two vents, 

D a peece of cord left to hold it by whslft you coat it, and likewife to hang it 
np being finifhed. . 
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CHAP. LI. 
A water ball which jball foot forth many reports. 
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y4 twopeeces, fothat you may joyneit clofe together 
> atplesfure ; this ball muft havefmall holes boared 
round about it, to put in your quils, which muft 
fire your reports ; the reports or breakers fhall bee 
made of paper choaked at both ends, and primed 
thorow the midft ; they fhall bee faftned round 
_ with pitch, and fo covered round about, that no 
water may paflein ; you thal fil this bal in ewo halfes, to the end you 
may force it very clofe together, and when itis filled, giew it faft, and 
arm it well with nealed wyer, then putio your breakers, with — 
whic 


DEL HD Anfeaball to be made of wood, which fhall bee in 
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which (hal enter into the bal, and likewile into the breaker ; the Pane 
whereof you {hall fee in the ffreench figure, by theletter C. The receipt 
for this bal muft be fomewhat flower,thanthelaft, by reafon of the ma- 
ny vents it wil have, as the reports pafle away. 


The receipt for this ball. 
Takers. of rochpeter. 

4% of powder deft. 

3 & of fulphur vive. 

2 x of camphir. 

1 3 of linfeed oyle. 
2% of rofen, 

1 & of oyle benedick, 


Powder that which is to bee powdered, and incorporate them well 
together, and by little and little fprinckleiyour oyles,til you have wrought 
it like a pafte, and then makeuleofit ; yourquils which you prime with 
thal be filled only with powder duft, cothe end it fire fuddenty before 
the quil come to thrink up, which wil be with a flow mixture. 


A the month of the ball where it 1s to be fred, ' 
BBB the reports or breakers, being made of paper, and filed with corne 
owder. 7 
f CCC thequils, which are primed bish prrder distettind forsee rte 


the reports. 
D the hollow of the ball, being filled with the flow compofition, 
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CHAP. LITI- 


How to make aWater ball, which, after a certaine time of firing, 
(hall caft forth divers rockets into the ayre. , 


Repare a ball of wood, of cight inches diameter, and . 
boare a hole in the midft (efan inch and a halfe) and lee 
it come within one inch of the bottom, and round about 
that great hole you hall boare eight finaller holes of an 
inch, fothatthey may bee fit for eight rockets , thefe 
holes fhall be an inch from the greater, and thall all mcet 

in one atthe bottom ; wherefore you fhall cutoff the bottomef the ball, 

and fit another toit, which may be fo hollowed, that your mixture may 
be conveyed toall the rockets, then faften on the bottom (having filled 
it with yourmixture) and’put im your rockets, with the mouth of each 
rocket downward, ‘patting paper round aboutit, which thall bee coated 
with rofin and tallow, and overeach hole where the rockets are placed, 
letit be fOaped over the tallow, to the end that being fired, the {parks 
may noteafily take fire of the paper, which otherwife would make fome 
coafufion ; having done this, fitin a peece of wood to the greater boare 
of your ball, leaving only a fmaller vent, of haife an inch, and by this 
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= ~ meanes the fire will come out with more violence, and having {pene ic 
felfe, within one inch of the bottom, it fhall fire the eight rockets placed 

about, which by their force fhall break the paper of each, and afcend in. 
tothe ayre, a {mall heighth, and after fie tumbling on the water; - This 
ball is repretented in the twelfth figure by the letter D. 


i 


A the place of firing the ball, — a 
BB the peece of wood put in toleffen the vent, , , 
C the greater hollow to be filled with the flow coms pofition as the former. 
DD the bottom, which ts loofe, and to bee hollowed to receive part of the 
flow mixture, a’ . 
E Ethe holes boared to put in the rockets, which muft bee covered with 
paper. » AS 
| FR therockets placedin, with their mouthes downward. - 


G G the place of fitting the rockets, 


‘ oe 
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Another fort of water ball, which fhall cat forth rockets at to 
Sundry tines, and after'ét ts finifhed, (ballgivea great report. 


FF Ws 

E but thail bee a foot in diamerer,’and {hall have 
two circies of rockcts placed roundaboug, fo that 
the lower circle thall be oneinch from the higher, 
and likewile fhall go down intotheball an inch 
lower, and under that row of rockets there {hall 
be placed 4 breaker ofiron, which thall bee one 
inchfrom the lower tyer, fo that the bail being 
fired, hall after a. certain time, caft forth adozen of {mall rockets, and 
then continue a while longer, and then in regardof the larger circum. 
ference of that circle, i fhall caft forth twenty, and after that is ended, 
their fire comming to the chamber of iron, {hall canfe a very great ree 
port, and fo conclude. “The forma of this is layd down inthe fifteenth fi- 
gure by the letter H, att we 


Pn His ball {hall be made after the manner.of theother; 


H the vent for firing the ball, | 

TI the peece of wood fitted to the greater boare. 

K the hollow of the greater boare flled with a flow compofition, 

L Lethe upper tyer of rockets. ~ w 

M M the lower tyer of rockets. 

N the breaker of iron, : 34 po aad 

0000 the places to patina the rockets, which mut bee covered with paper: 
wellfoapedytpontallowe  . 
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Cuarp. LY. 


Another fort of ball, with iron chambers, every one calling 
uw §Sforth a fnallbal. 


> aie wy Aue a ball to be made, of tweive inches diameter, and in 
Pye, the midtt boare a large hole of two inches high, hollow- 
dy ing itwithin, and let itcome within an inch of the bor- 
Swe}, | toms then boare {mall holes ofan incl: from the top to 
the bottom, in a fpiral line, to put in your {mal cham. 
bers, which fhall be made of iron, each chamber having 
abroad plate at the mouth to faften it tothe ball ; thofe chambers thal 
be loaden with quantity of corn powder,and after that a {mal ball made 
up in canvas, and primed, as I have thewed you for ftartes, then having 
filled the large concave with flow compofition, place in your chambers, 
whofe touch holes or vents muft bee juft at thebreech, and thal'comea} 
in toward the center of the ball, then coat itround with rofin and tallow, 
anid fo have you this bal finithed ; the form whcreofis reprefented in the 
fifteenth figure, by the letter A. 


The firft figure marked F, reprefents the infide of the bal, 


F the mouth of it. / ; 
BB the ironchambers, as they lie with the toch hole or vent of cach chame 
3 Ger, at the breech of the fame. 
~C the concave filled with flow compoftion, ; 
Da large chamber placed at the bottoms: note, that this ball maft bee made 
sn two peeces, to place ix thts chamber, and after glewed welljand bound about 
with wyer, 


Thefecond figure marked G, is the bal finifhed, except the coating, 


G che vent at the mouth, 
ful B the reports, with a plate of sron round the mouth of each; to nayle it 
‘jaf. . . 
This bal being thus provided, muft be after covered with canvas, ang. 
then dipped in a mixture of three parts rofin, two parts pitch, and one 
- part tallow, which muft bee firft incorporated on the fire, and fouled: 
this bal may ferve as wel for fervice in warre, as for pleafure or triumph, | 
yy putting into cagh chamber a bullet of lead, and fo fhot out ofa Mor- 
,est peece. | ; . 


4 


CHAP. 


aoe 


eA riificiall Fire We orks. ) 61 


Ce a ONS. == Sea sere ee 


Cuap. LVI. 


There are divers other forts ofbals, as well for water as for land, 
and are to be {bor out of the Morter peece: 


ND becaule the Morter pecce is often ufed in Fire- 
las works, I will defcribe the manner of it, with the 
ufe thereof, as much as is requifice to this place : 
and firft for che manner ; the manner of the Mor- 
ter pecce confifteth only in his proportions,which 
are divers, according to the pleafure of the work- 
man ; but thofeof moft ufe for firebals, are one 
anda halfe, andewo diameters, in the length of 
thechafe, and one diameter in the length of the chamber, with halfea 
diameter at the mouth of the chamber ; the reafon of this fhortneffe is, 
that one may come the more commodioufly to the firing of the ball ; the 
proportion of this pecce followeth in the fixtecnth Figure. 


B the form of a Morter peece lying on his carriage, the quoyn being mada~ 
todraw with afcrew, as Ihave made ufe of. : 

A A the diameter or heighth of the boare, which t 4% inches, or 100 parts 
of this fcale, ; 

AB the length of the chafe, and ts two diameters, or 8 * inches, 

BB the beighth of the chamber, which ts halfe a diameter of the fuot,which 
as here two ituches, | 

BC the length of the chamber, which is one diameter of the fat, that 
foure inches, 

CC the bottom of the chamber, which ts one inch, or 5 diameter. 

DD the diameter of the trunions, which is balfe the diameter of the foot, 
and wtwotuches. 

DE the length of the trunious, and + two inches. 


The proportion of powder for this peece is 2 & for a ftone fhot, and 
i &fora Fire ball. | = > 


CHAAR II. 


How to make a ball for the Morser peece, which shall caft forth 
agreat (bowre of ftars at the breaking. 


His ball muft bee made of canvas, and muft bee fo propor- 
tioned, that being armed (as I have formerly fhewed) 
it may iuft fic che chafe of your peece, which being rea- : 
dy, you hall proceed to the filling of it, which mult 
be after thismanner ; at che bottom of this ball putin 
an ounce of fine corn powder, and then putin fome of - 
your round ftarres well primed, and fo fill them up clofe about with 
powder duft, ftill putting in more of ie Rtarres, and in the midft put 
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one ftarre which may be fomewhat ercat, fo filling it till you come within 
one inchof the top, then fillitup with a flow receipt, as Ihave formerly 
prefcribed for bals; and few it clofe up , arming it with fine cord, or mar- 
line, and pierce a vent in that place where your flow mixture lyeth, al- 
waies provided you pierce it not too deepe, that your ball breake not be- 
fore his appointed time: then when you would ufeir, loade your morter 
piece with one ounce ofcorne powder, putting after a wadd and tampi- 
on, and put cn your ball with the vent cowards the mouth of your piece: 
fo elevating your piece toward the Zenith, you may proceed to the fi- 
ring of it, which muft be after this manner: provide two matches ready 
lighted, having one in each hand, and firft fire your ball with one hand, 
and prefently give fire to your Piece with the other, alwaies holding 
your head under the horizontal line of your Piece, for feare the blaft 
annoy you: this having done, you fhall fec your ball mount very high, 
with a faire taile of fire, and when itis at higheft, fhall breake forth into 
a goodly (howre of ftarres : onc of thefe bals wili containe almoft one 
hundred fmall ftarres. The forme ofit is reprefented in the 16 Fiigure, 
by the letter G. | 


C Reprefenting the ball cut in funder, that you may fee the order of the flars 
lying. . ' 
4 ET he great frarre inthe midft, with ak the reft placed abont it. Note every 
one of thefe ftars mnft be primed thorow with cotton wicke, as Ihave formerly 

fhewed, f 
D The flow mixture, which commeth within one inch of the top. 
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CHAP. LVIIL 


Anocher fort of bail for the morter piece, which (ball caft forth 
divers Rockets inthe ayre, 


Ze His ball muft be made of wood, according as I have 
mee formerly fhewed you, onely it muftbe made pro- 
aN ~ portionable to the piece, and moreover the vent 
which in the other is required to bea flow mix- 
ture, in this rauft bee more {wift, in regard it 
would otherwife continue till it came to the 
eround, wherefore the mixtnte that this ball fhall 
be filled with, fhall be the fame that your rockets 
ofone pound are, which is 4% of coleduft to a:pound of powder, and 
one ounce offalepeter. Thefe muft be well mealed, aiid likewife muft be 
clofedriven, otherwile it-will confume too faft. This ball may bee made 
(omewhat cillindricall, in regard of the length of the rockets to be pla- 
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ced init, as you have made zhis for to caft forthonce, fo you may make «by 
another to caft forth ewile, as I have formerly fhewed you for the wa: 


ter ball. The formeis reprefented in the 16 Figure, by the letter D- 
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Guar. LIX. 


How to compofe afbip of fire workes, which being once fired, di- 
pers motions {ball prefent themfelves. 


% Aufea mould to be made fo, as you may cake off the 
f upper decke, to place fome workes underneath, 
where you fhall have a firewheele placed with a 
{crew on the axeleree; this wheele {hall bee placed 
inthe fterne, and fhall turne arowler, on which 
fhali-be wo gires placed, which fhall paffe on each 
fide of the mainemaft, and runne on to the fore- 
fhip; in this wheelethere (hall bea hollow {poake 
and axeltree, as I have formerly thewed, which fhali be fo ordered, that 
the wheele being {pent, it may convey fireto a tier of gunnes lying round 
about, which fhill be fired with z clofe conveyance, and having paffed 
that, it hall cake hold of another conveyance, which fhall give fire to cer- 
tainerockets, being placed in the badies of fome figures reprefenting 
Mariners, and hall be fo ficted, that they may have a cane joyned to the 


body to guide them, fo that they may runne up from the top of ehe deck, 


to the top ofeach maft: this and many the like may bee performed with 
great facility. The forme of this is reprefented in the 16 figure A,. 


A Reprefents the foip ready finifbed, with all things in motion, | 
BThe fire wheele which moveth the rowler,and carryeth the girt whereon the 
figures are placed, y ae 
C The figeres placed on the girt being in motion, 
DDDDThe tier of guns whith fire as the wheele beginneth to ftand frill, 
EE The figures which ftand ready to runne ap the cords; alfo you may fees 
fomeintheir motion halfeway,and others being got up tothe top of the mafts, 


-CHAP. LX. 3 
Hosp to.make the Siren or Mermaid, playing on the water. 
2 t His is tobe formed divers waics, according to the 
Soo} Feces magnitude of the figure; if you will make one of an 
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6s ie ordinary length, which is five or fixe foot, pro: 
OSG Ties ceedas followeth: Letthe body bee m ade of light 
Vie Sos °%& rods,fuch as basket-makers ufe, and in the center 
A B 
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SS 


of the body, let there be placed an axelerce, having 
too wheeles comming into the water; yet fo as they 
may not be feene; thefe wheeles muft be made hol- 
Jow, to containe a quantity offand or water; the ufe of it is to keepe the 
Sireneupright, and alfoto finke it fo farreinto the wartr as is needfull,and 
likewife to make it goe more fteady; note that thefe wheeles muft bee 
loofe, andthe axeleree faft; in the mid of this axcltree, place three or 
F 3 foure 
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cameo 


foure great rockets, one by another with their mouthes allone way,yer. 
fo provide, that there may be fecha diftance betweene each rocket, that 
there may comea vent from thc taile of the firft, to themouth of thefe. 
cond, and from the fecond to the third, and to the end that itmay con. 
tinue the longer in motion, you may place divers lights about the body, 
to make it more beautifull; every of each light extinguifhing, thal] give 
a report, and foconclude, The forme of thisis reprefented inthe 4 7. Fi- 
gure by the letter B. r | 


B Reprefents a Siren on the water. 
 C The wheeles which are loofe on the axeltree, being hohow, and fiked balfe 
with fand or water. 
- DD The rockets placed inthe axeltree which is faft. 


There are many other workes to be performed on the water, by ma. 
nuall art, or the helpe ofthe hand : fome of which I will thew, the reft ] 
flaali leave to theiudgement of judicious workemen in that art; in regard 
there are fea fights, which are performed by gallies placed on the water, 
with the helpe of Mariners a&ted; and likewife Caftles placed both on 
the water, and on the fhoare; all which doe reprefent fome former fto- 
ry ofthe like: yet know this, there are many motions, to be wrought by 
hand, after a more fecret manner, which will canfe moreadmiration,and 
is done by certainelines placed under the {uperficies of the water, the 
ground of which I will {ew you. 


CHAP, LXI. 


How to reprefent a Dragon ifjuing out of a Caffle, which fhal 
fwimme thorow the water, and be incountred by aborfeman 
from the (boare. 


Byetaee) Aufe a Caftle to be madeon certaine timber, fo as it may flote, 
Y (7@2¢\ _ ificbe in.a flowing and ebbing water,and let the bottome of 
the doore of this Caftle, with the ground plat, be ewo foot 
Sarvs under the horizon of the water (the reafons follow) and 
ata foot nigh withinthe Caftle, let there bee a certainelinetyed, which 
may'pafle thorow the body of the Dragon, and may bee faftened neere 
the fhoare, where you fhall havea floate likewiie funke fo farre under 


_ Water, that the line may not be perceived, then faften on your Dragon, 


as I have formerly fhewed you for the line, but fo that the head ofthis 
may alwaies beabove the line, where that was under: then when the 
time appointed comes, there fhall be one ready.within the Caftle to fire 
thofe parts of the Dragon whichis requifite, which being done by the 
helpe of thofe pullies, fhall paffe it thorow the water, which fo fooneaé 
it prefents it feife, Nepewne (as. being difpleafed to fee fo monftrous 2 
creature within his bounds) fhall come and encounter the faid Dragon, 

and 
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and at laft thall overthrow him: you may order your work fo,that which 
you pleafe (hall bave the victory, for that which kecpeth fire longelt, is 
{uppofed to have the beft, and that which is fooneft {pent, to have the 
wort, Many rare things may be donein this forthe pleafure of Princes, 

_ which are to be a@ed on the water, which for brevity fakel omic: onely 
I thall fhew you the order of compofing two forts of workes, the oncto 
beaéted on che land, the other onthe water. The forme of this workeis 
reprefented in the 17 Figure, by che letters C D. 


G Reprefenting the (aSile floating onthe water, ont of which the Dragoz 

E The Dragon comming forth of the Caftle, 

D Neptune comming towards the faid Dragon to encounter him. 

E The pully which caufeth thefe motions by meanes of drawing them to and 
frows each other: the manner of faftening the line for drawing them, I have- 


fhewed you before in the 33 Chapter. 
CHAP, LXIL 
An order for agenerall piece of fire-worke for land, and is for 
she pleafure of a Prince or fome great per(on. 


Aufea frame to be made of wood, which let be cighe 
{quare, or more properly eight fided (whichis the 
beft figure for this purpofe) and let ic bee forty 
yards from one fide to the other, there place two 
Caftles'the one oppofite to the other, which Ca- 
ftles fhall be eight foot {quare, thefe Caftles thal! 
be fitted with motions, as I have formerly fhewed 
you, fome comming outagainft others, fome mo- 
ving on the walles; all which may bee performed by the helpe of large 
fire wheeles, which muft be at the leaft fixe foot diameter, with large 
Rockets fot the fame purpofe, as I have formerly fhewed you: then on 
the foure adjacent fides, you fhall place foure other wheeles, tworun- 
ning horizontall, and two verticall; and onthe other two fides you fhail 
place rockets, fome flying upright, and otherscircular; at cach angle or 
corner, there hall be placed a torch ofa beautifull fire and flow; fomuch 
for the fides: now you thall cometo fill up the vacuum betweene the 
fides,alwaics noting that from one Caftle to the other, paffeth a frame of 
wood, the ule whereof! haveformerly fhewed, then before the midft of, 
this frame, there is placed on the one fide, two fquare cafes of rockets, 
and betweencthefe calestoward the bottome, and fomewhat before, 
thercis placed anticke motions, and to the angles of each Caftle are pla- 
cedtwo lines, with runners which take fire, and paffe to and fro; note 
the end of thofe lines muft be perfe@ wyer, or elfethe fire would burne 
them, then on the fame fide behinde the motions, {hall ftand slofta frame 
with the Kings name or the like, chen on the other fide of the ane, 
within 
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within the vacuum, fhall be placed three ftanding wheeles, whercof the 
one {hall caft forth rockets into the ayre, the other two are for reports 
¢ and fifgigs, thefe three wheeles fhall ftand in a triangular forme, and 
fhall bave a frame paffe from the oneto the other; and betweenc theans 
gles ofthefe wheeles, {hall be placed two mortar pieces, which (hall bee 
to caft fire bats, with divers workesin them. The manner of this isrepre= 
fented inthe 18 Figure. f 
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CHAP. LXINL 


Another order for a generall worke, ‘and ts to be atted 
onthe water. 


MAvinga place appointed for your worke, (which 
bq rouft be in fome fpacions River) you (hall feeke 
2 the molt convenient placeon the fhoare for pla. 
RY cing a Caftle, which thall bee made to reprefent 
Ni) {ome City or Fort lying on che water,this Cattle 
fhall be furnifhed with all manner of workes; as 
well fire bals, as rockets, with divers fmall Ord- 
nance to give a more grace tothe worke; this be- 
ing provided, you fhall alfomake another Caftle on the water,on certain 
boats chained and lyibg at anchor, thefe thall bee {et at a reafonable di. 
ftarice from the other, about twenty f{core, or as your place will permits 
in this Caftle likewife you fhall provide werkes, as in the other, onely 
this Caftle may not be (0 big as that on fhoare, then you fthall provide 
divers {mall fhips, which fhall be ready to makea {ca fight: thefe thali be 
fo divided, that che greater part may belong to the fmaller Caftle on the 
water, and likewife for furprifing that onthe land; likewife you may 
have motions paffing from one Caftle to another, as I have formerly 
fhewed you for the water; amoneft the reft you fhal! have’ fome {mall 
fire thip, fuch as I have thewed you, which fhall have divers motions: 
now there aremany actions to be performed by thele workes, as cafting 
bals from one Caftle ro the other, with the morter pieces, likewife fen- 
ding backe rockets to each other, with divers onfets on each fide for fur. 
prifals, all which [ leave to the difcretion and appointment of the indi- 
cious workemans; and becaufe I will not trouble you with prolixity, §. 
will conclude this my Pyrotechnia; onely Twill at laft impart that which . 
-is not the leaft, which isthe making of certaine Engines for trying of 
powder, of which J thall fhew you foure, with the ufe of them in theen- 
fuing Chapters, and fo conclude, ° - ora 
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CHAP: LXIV. 


Of tbe ufe of certain Engins for the trying of the goodue/fe 
or flrength of powder. 


Lp Efore I come to explaine the manner of making thofe 
24 Engins, I will thew you the commodioutnefle of 
“4 them, efpecially in thefe works ; for hee that will 
make a good rocket, muft be certain of the ftrength 
of jhis powder, which if it bee too ftrong, will 
break ; iftoo weak, ie will not rife to that heighth 
it fhould ; which, I muftsconfeffe, hath been a great 
loffe of labourto me, as well asto othermen, yet 
ifmen willbe fo carefull and rake that paines for the trying their pow 

der, they may make rockets infallible ; therefore I advife every man that 
will work fure, firft co take his powder, be it what it will, and allay it ac. 

cording to the rules prefcribed, then take a quantity of chat mixturc,and 
putitinto your Engin being exa&ly weighed to a grainc,then drive your 
rocket, and be fure to follow the former rules prefcribedin driving your 
rockets; which being finilhed, with his works upon his head, you may 
fireit, which if you {hall finde to bee too violent, you may allay by put- 
ting thereto a proportion of coale, and fo try it again, till fuchtime you 
finde it to be the beft, then note that proportion forall rockets_of that 
fize, and fo dofor all others; andifyou finde yout mixture yet too weak, 
adde thereto a {mall quantity of roch peter till youimake itof fufficient 
firength ; and thus doing, you fhall have a certain and infallible rule for 
your proportions : I could fer down the proportions according to my 


Engins, but that would prove an abfurdity, in regard every Engin may - 


havea greater or leffer ftrength addedto his {prings; or the like, as you 
fhall perceive in the next Chapter. . -.. 7 | 


CHAp. LXV. 


The manner of making the aforefaid Engines for trying 
| the flrength of powder. 3 é. 


H E-firltis made in @ circular form, with a neck 
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up to, the ftranger is the powder, and contrary. Theform of this is re. 
prefented in the twentieth Figure, by the letter A. 


A representing the form of the whole Engin, 

B the powder box, which muft be filled to the top. 

C the lid, which muft be put on the fayd box, it being filled. 

D the circle of braffe to which the lid is faftned, which is devided into de~ 
LIES, and runneth upon the-pin E, paffing thorew the center, with a [crew to 
fet it harder or eafter, . 
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CHAP. LXVI. . | 
Another Engin for trying of powder. 

PPA E lid of this fecond fort is made to,rife in a 

am ftraight line, and hath for his guide two {quare 
pillars of brafle, divided into degrees, with 
{pringsto keep it fteaddy in this motion ; this 
muft be made ona fquare peece of brafle, with 
the fmall box in the midft, and two {quare pillars 
oneach fide, witha peece of brafle to flide up 
and down by thofe pillars, and muft ferve fora 
cover for your powder box ; this pecce of brafle muft have {mall-{prings, 
which mutt go to each fide ot the fquare to guide it fteaddy in the moti- 
on. The form whereof you fhall finde inthe twentieth Figure, by the’ 
letter B. — : 


B the whole frame, with bis parts adjoyned, | 

C the fquare plare of bra fe, on which all  faftned. 

B the powder box, franding in the midft of that plate. 

EE the two fquare psllars of braffe, ftanding on this foot, and may bee made 
to (crew off and on at pleafure. j | 

E the lid to the fire box, which is made to flide up the two (quare pillars. 

GG the fprings, which are fafined to the lid,to make it move more freaddy. 

The divifions 10, 20, ec. foew of what firength the powder ts, for the 
bigher that the lid rifeth, the ftronger ts the powder, 
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C war, LXVII. | 
Abird Engin for trying the flrength of powder. 


eet i third fort are made fomewhat after the manner of the 
former, which is to rife up ftraight, only it hath a cover 
hollow ‘as big as the box, and on each fide of the cover 
isa {mall hole for a wyer to pafle thorow, and on one of 
the fides.are little peeces of fteele or braffe, fo fired, that 
they will rife with’ touch, and give way tothe rifing 
of the lid, and {0 foon as it is paft, will hold it there, and wil! not fuffer 
3 it 
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# 


Sg 


-  Pyrotechnia, or, 


it to pafle down any further ; this I hold to bee the beft of the three, in 
regard that the fprings in the former are fabic& to grow foule with ule, 
and fo will be very ftiffe, every time more and more ; but this will not. 
The forme of this is reprefented in the twentieth Figure, by the let. 


a, 


ter C. 


A the footwhereon the Engin ftandeth. ; 

B the powder box, which hath two fmall w yers paffing from each fide to the 
top, to guide the lid, oj 

D the lid, which hath alfo two holes on each fide for the wyerste paffe tho- 
row. 

E the fide which ts divided, on which is placed at every degree, one of thofe 
peeces to flide up and catch the lid. 

B E she forme of thefecatches, being either of fteele or braffe. 

G G thetwo wyers which guide the lid of the box, and muft bee putinto a 
dittle peece of braffe at the top, which may bee ferewed hi igher or lower at pleas 
fare, forthe ftratghtning of the fame. ' a 07. ) 

H che (crew which firaightneth thofewyers. 


i rs eS 
CHAP. LXVIITI.° 
Another Engin for trying the firength of powder by water. 


» HE fourth, and moft certaineft way of all, is by 
je water, andisthus 3 caufe a {mall veflellto be made 
of brafle, and very tight, foas it may containe a 
pinte of water ; let this veffell bee madein a cilline 
dricall form, and from the top of this veflell let 
there beemade a pipe of braffe, which thall turne 
like the fiphon, and thall have a {crew atthelower 
‘end; to {crew intoa box of brafle ; all which fhall 
ftandon a woodden frame: now when you wil ufe this, you thal filthis 
great vellel halfe ful of water; ata pipe which thal come from the bot- 
tom, and come up tothe top winding,then thal there be likewifeanother 
veflel underneath fora receiver, fo that putting a quantity of powder in. 
to the fal box, and {crewing it on,it isready . then fire the powder,and 
you thal fee it fend forth a quantity of water, which you fhall weigh, and 
fo keep the weight of it, by this you thal know what quantity of pow- 
der of fuch a goodneffe wil fend forth fucha quantity of water ; this I 
hold to be the certaineft way, although the moft troublefome, Theform 

of it is veprefented in the twentieth Figure, by the letter D. 


A reprefenting the veffell of water, which foall be alwayes filled one halfe, 
B the pipe of braffe which paffeth from the powder box tothe veffell of water. 
C the powder box, being {crewed to one end of the (aid pipe. | . 
E the receiver, to receive [uch water as is forced ont, 

G the pipe which conveyeth that water into the receiver. 

FB thebottom being of wood, with a plate of braffe let into ir. 
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TREATISE 
, OF 
GEOMETRIE: 


In which are contained fundry Definitions and Pro- 
blemes , for the menfuration of Superficies and Solids, 


as alfa the ufe of the Quadrat and Quadrant in mea- 
faring of Altitudes, Latitudes and Profund:- 


ties , with fundry Mechanical wayes for 
performing the fame. 

| - Ynto which are adjoyned certaine TaBLes, wherein the 

| Square Root is extracted to 25000, andthe 


Cubick Root to 10000 Latus, only 
by Ocular infpection. 
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: TO 
THE RIGHT WORSHIPFVLL, 
Sir Fobn Heyden Knight, Lievetenant of his 
| Majefties Ordnances.- - 
Sir, 
SH Aving along while obferved your generous 
4 and noble difpofition cowards.good: Arts 
#5. and Sciences, which. hath beene abun- 
i. dantly manifeftedto the world, beth by 
yourownesad & exquifite knowledge 
) % in divers of them, and by your counte- 
nancing and encouraging fuch’as are profefiors of the fame; 
Lam emboldened to prefent you with a parcell of chefe firit 
fruits of my labours, being certaine Geometricall Problemes 
and Tables, which I haveexa@ly calculated of {quate and 
cube numbers. Somethings I may boldly fay.you thal finde 
here, which have not formerly beene fo handled by any o- 
ther, yet profefling my felfe to bee.a Scholler rather. chan a 
Matter, I truft you will bepleafed not onely to pardon what- 
foever defe&s you fhall findein thefe my weake endeaveurs, 
but alfoto accept this {mall Treatife into your Noble Patro- 
nage, and my felfethe Author of icinto the Roleand Cata- 
logue of thofe that are "i q 


T our Wor [hips in all true obfervance, 


IouHN BABINGTON. 
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THE READER. ~ 


Gentle Reader, 


£ 


His [bore Treatife of Geometry is not intended 
for fuch as are Maflers of that Art, but onely 
for young practitioners, and more efpecially 
exe for my fellow Gunners, to whom it moft pro- 
GO perly belongeths yet perbaps thou mayeft finde 
“herein fome things worthy of thy acceptance. 
Sure \ am, that thefe Tables will afford thee great belpe in the 
svorking of divers Geometricall conclufons, wherein I treadin no 
mans fleps, none, for ought Lknow, baving traced that way be 
fore me, or if he have, | Juppofe bee bath not publifbed. his labours 
to the world. \f thou like of thefe,1 {hall be the wilinger togoe on 
in my intended courfe; that is, to calculate the Logarithmes ofeach 
root (quare and cube; whereby moft Algebraicall queflions may be 
resolved swith great facility. Ifthou diftafte them, and they pleaje 
not thy palate, | foal be the more forry,in regard of that great la- 
bour and coft which bath beene beftosced upon them; yet | mufinot . 
looketo fare better than my betters before me bave aone. How- 
ever I (land tothy cenfure, and reft - os veal ea 
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Thy friend, 


IoHN BABINGTON, 


Student inthe Mathematikes. 


TREATISE OF 
GEOMETR Y. 
Containing fundry' Definitions and Problemes, 

both pleafurable and ufefull, | 


Ni, Eometry is theart of meafuring well. | 
=: >: Apoint is that which caunot be divided,andis 
is theleaRimaginary thing, asthis =. | 
~Atighcline,is that which hath onely length 
without brcdth, whofe termination is two 
points, | : 
and:is the fhorce(t beeweene thepoints. 

A.crooked line is thae which being defcribed, a 
fhorter line may becdrawne betweenethetwo " 


points, as this, , 


A fuperfice is that which hath length and 4 -———_—5 
bredth onely, thus, | 


G i 
at a. G 
A follide,is that which hath length, bredth, ” “7 
and thicknefle, as this figure.© 3 roc | I 
pou TTS we 


Anangleis the inclination.of two lines, 4 
concurring in one point, thus: of which. fome , 
are right angled, and fomeoblique: - ° : 


——EE 
- 
- a 
aa - , 
ee ee 


eA Treatifeof Geometry. 


‘A right angle, is when onc linc falleth perpendicu- B 
jar upon another, thus: the perpendicular being AB, 
let fall upon the line AG, it being right angled at 
A 


A. a 


An oblique angie, is cither acute, or obtule; acute — 
when the angleis Ieffe than a right angle, as A.A. 
thus, itbeingacuteatA. 


“An obtufe or bluntangle, is that which is more \. 
than arightangle, thus, it being obtufe at the point 
A. mf 2 A 
__E 


‘Acitcleisa figure detetmined withoneline,which | 5 
is called circumference, as AEB. whofe dia- | 
meter isthe largeft right line within the circumfe. 4 
rence. ' ; 


Afemicircle,is halfeacitcle, parted by the diameter,asAEB. 
A cord, isa fhorter-line than the femediameter: as the line F G; 

- Anarch, is that portion ofthe circumference, which comprehendeth 

thecordline,asEFG.- —? a ae | 

A triangle isa figure containing three fides, and ofthefe figures there 

are divers forts, fome right lined, andfome oblique : of right lined trian- 

ples there are alfo divers forts, fome right angled, and fome oblique: ~~ 


? B 

‘A right angled triangle is that which hath : 
one right angle, andis called Orthegoninm. . 

A 


‘An obliqueangled triangle, isfaidtobeeci- 5 


ther obtufe oracute. 
An obtufe angled triangle, is that which 
hath one angle obtnfe, and the other two a- Cc 


cute, and is called Ambligonium, obtufe at 
the angle A. 


An acute angled triangle, is that whofe = 10 40 
threeangles are {aid to bee acute, and iscalled 
Oxigoniwm, and if the three fides be equall (as 
in this figureis manifeft) itis then called an 10 
equilater. ~*~ a. 


— a 
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But if onely two fides bee equall, and the thi 
wnequall, then itis.called 1/o/cheles, as you may here 


fee, where the two fides are equall,and bafe unequal. 


10 
Andif all three fides be unequall, thenitiscalled 6 9 
Schaleanm, as in this figure-appeareth, 
10 


There bealfo foure fided figures, which are cal- - 
led quadrangles, and of thofe there are diversfortss ’ 
fome of which are geometricall fquares, whofe foure 1° 
fides are all equall, with equall angles thus, 


Others, whofe foure fides ‘ate equalf; and Oppo- 
fice anglés equall, whichare called Rowmbws, or dis. 
mond like formes. 


‘There are others which have their oppolite fides). qement® 
and oppofite angles equal, and are called Rowsdei. 
des,thus, hie , | 


There is afourth fort whichis called Trapeziz, 
or table formes; and thofe are fuch as have neither 
equall fides, nor equall angles, and ‘of thofe there 
aredivers formes, of which here is ome forme. ° 


soon 


A a Such 


— 
— 
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Such figures as have more than foure fides, are 
generally called Polligons, which if their fides bee 
equall, are called Regular Pelligonss of which fome 
are five fided, and arccalled Pewtegons. 


Thofe who have fixe fides, are called Bese, , 


A quadrent is the fourth part of acircle, and is 
made by lerting two lines concurre of equall length, 
anid'making a rightangle, and from that angle, de. 
fcribe {uch an arch as may touch at the other: end 
ofeachline,thus; 


B 


__ Se ee eee 
Ow to know how to make thefe figures, and divers others, it is 
Nsie that we know what itis to let fall a perpendicular on a 
“Sline afhgned ; of which there are divers wayes and formes,fome 
of which I will {hew you. ! ne vienna 
: ; 


oy Yo Problem 1: 
To érett aperpendicular onthe end of a ground line. 


Fi#0pen the points of the Compafics to any. diftance, fetting one 
.foot'in the end of the ground ]ine,and with the other de(cribean arch. 
ofacircle, interferting the ground line; that done, fet one foot in the 
point of intérfeGion, and from that point fee snag cena 
off the femidiameter of that atch twile, and. - “h 
fetting ome-foot of the Compaffes in cach 
point;with the other make an interfeGing 
arch, and, fiom that point of interfe@ion to | 
the end of the ground line, draw another 
line which (hall bea true perpendicular to that 
bafe. F 


Example. 


Lettheline givenbe A B.on which it is required to erecta perpendi- 
cular, which fhall be from the point B. Firft, I open the Compaffes to 
any diftance, defcribing the arch C . interfe@ing the line A B. in E, 
then fetting one foot in F. I {et off BF: from F to C. and from C to D. 
that done, I ferone foot of my Compafies inC and D, and with the 

otker, 


en 
ca pea orm 
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—_— i (ei) 
other, defcribe the interfecting arches at E, and from the point of inter- 
fe€tion, I draw the line E B, which is the perpendicular required, There 
are divers other waies, which for brevity I omic. 

Prob. 2. 


To divide a line given, into equall parts, atavight angle. 


Or your Compafle to agreater diftance 
than halfe the line, and fecting one foor 
thereofin oneend of the line given, with the 
other defzribea part of an arch bothabove and 
beneath, then the compaffes unalcered, re- 
move one foor of the compaffes to the other 
endof the line, and with the other foot croffe 
the other; and from the place of interfection, 
draw a right line, which (hall cur or divide 
the line given iato two equall parts. 


Example. 


Let AB, be the line given to be divideds I feone foot of the Com- 
pafle in the point A, opening the other fomewhae beyond one half | 
with which [ defcribe two arkes, as C D, then removing my Gompafh s 
to B, with the foot of tae Compaties unaltered, J bferte Peete =f 
terfetion is made in chofe two former arches; and from one inter( ation 
co the other, [Jay my rule, and draw the line.D C, which cutteth th a 
ther intotwo equall parts ataright angle, which was required, au 


Prob. 3. 


Another way to divide a line intorwo equall parts, althouch the 
Compalfe fand at le(Jethan balfe diftanc _ 0 the 


S" one foot of your Com-,. 

paffes atone end, and with “Sq 
the other;defcribe an arch a- ~~ > 
bove the line, then yout 
Compafles unaltered, fet one A 
foot at the other end, and ‘de- 
{cribe an arch under the lines 
then lay arulertill itouch the 
extreame part ofeach arch, and 
draw alinefrom the one to the other; for where that interfe@eth in the 
line given, thatisjuft che middle,& fo confequently it isequally divided. 


Example. 

Let AB, betheline to be divided: open your compaffe to any di- 
ftance,as A F, then letting one foot in the point A, defcribe an arch, as 
CF, removing your compaflesto B, defcribe the arch C D, under the 

A3 line, 


eA Treatife of Geometry. 
line, then laying your Ruler to touch thetwo arches in Dand C, draw 
a line, which will cutin E, whichis the middle of your line A B. 


Prob. 4. 
To make one angle equall to another afvigned. 


Cc) your Compaffe to any diftance, fetting one foot in the angular 

pointafligned, and with the other defcribe an arch, then with your 
Compafles unaleered, fet one 
foot on your line affigned, 
and with the other defcribe 


an arch, which being done, T 
with your Compafles, take RF 
the fartheft diftance of your ae 


arch (defcribed in the firft) 
between the two lines, and 
fet it offin the fecond, then laying down your Ruler, draw a line from 
that point to the center, fo have you another angle cquall to the angle 
given. 

Example. 


Let A B Che the angle given, Iopenmy Compaffes toa diftance, and 
defcribe thearch E D, fetting one foot in A ; then do I draw another 
line, whichis F K, and fetting one foot of my Compaffes in the point F, 
with the other I defcribetheyarch I K equall to the arch-ED; which 
done, I take off the diftance E D, and fet it over from K to I, then laying 
the Ruler from the point I,to F, Idrawaline IF, which makean angle 
of the fame quantity as the former. 


Prob. 5. 
How to draw parallell lines. 


pe open your Compaffes to the length of your line, which fet down; 

and draw that line, then knowing the diftance that you would make 
your parallel, open your Compafic to that diftance, and {etting onc foot 
in theend of your line afigned, defcribe an arch, and with the Com- 
pafles unaltered, {et one footin the other end, and defcribe another arch, 
then lay your Ruler fo, that itmay touch each arch without cutting ci- 
ther, and draw aline, which will be parallell coche former. 


Example. 


a 
SE 
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Let AB be the line afligned,to which I would make a parallell, whofe 
diftance fhallbe A C, fetting one foct of the Compaffes in the point A, 
_-and opening them to the diftance C, I defcribe that arch, then ferting 
one footin B, the Compaffes unaltered, make thearch D, and from C 
to D do I lay my Ruler, touching only one part of eacharch, and from 
thence do I draw thelineC D,whichis parallell tothe former, the thing 
required. | 


, ‘Prob. 6: | - 
To drav a paralleli line, without flirring the Compaffes, 
froin the diflance given. 


KT Irft open your Compafles to the diftance given, then fetting onc foos 
in theend of your line afligned, defcribe an arch which may touch 
your line, and fetting the foot of your Compafies on that place, defcribe 
anarch which may cut the other ; this done, do the like at the other end, 
and then lay your Ruler onthe interfections, and draw a line, fo have 
you a parallellat one opening the Compaifles. , 


Example. 


Let A B bee the line given, to which I would make another parallell, 
lopen my compafles to the diftance, and defcribe the arch ED F ; then 
the foot remayning in F, [defcribe the other arch AD G ; this done, I 
remove my compaflesto B, and dothe like ; which done, I laymy Ruler 
that it may.cut both the interfe&ions, and then | draw a line from the 
point of interfeion in the oncend, till it couch the extreme part of the 
archat the other end,and fo have E DC. paralell to A B. 


. : ' Prob. 7 Ls, 
To divide a line given, into equall parts. 


At oneend on the upper fide, makean angle at all adventures, ane 
on the under fide at the other end, make another angle equall to the 
former by the fourth problem of this {ame ; then open your Compailes 
to fome {mall diftance, and fet off your partsupon the two parallell lines, 
and fo laying the Raler from the laft divifion of one to the firft of the 
other, anddrawingaline, it {hall divide it into fich proportionall parts 
as you pleafe. 
Example, 


Ste 
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Example. 


Let AB reprefentthe line, which I would have divided intoten e 
quall parts; I firftlay'downe the line A B and fromoneend, I draw a 
line,which letbe A G, making an angle with theorher line A B 3 andor 
theother end I draw another line parallel to the former, which let bee 
BD; thenopening my Compafle to any diftance, I fet it down in the 
lines A Gand B D, from the angular point, and fo laying my Ruler from | 
one angie to rhe other,{ draw certain parallelswhich cutteth the line A B 
into fo many equall parts,as I defire. 


Prob. 8. 
To finde a meane proportion between any two lines preferibed. 


L= the two lines bee.A and_B, and itis required to finde a meane 
ptoportionall line between thefe two; firftioyn thofe twolines, fo 

that they bothmay make one ftraight © 

line, and fixing one footef yourCom- ABR * 7 

puffe in the midft of that line, extend = 

the other foot to the extreme parts, and G 

defcribe an arch of acircle, then rayfea 

perpendicular on the place of concut- 

rence, and let it beextended to thearch; 

which line fhall be a meane between the 


two lines given, E ' 


Example 


Let AB the two lines given bee fo ioyned together, that they make 
both one line, which let be the line C D E, thendividing the line CE G 
intotwo equall parts, in the pointF de(cribe the arch CGE ; and rayfe 
a perpendicular on the point D,-till it concurre with the arch in the 
point G, you have the line D G,which is a meane proportion between 
thelines A and B, which was required. pan US f 


Prob. cm 


cere 
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Prob. 9. 


In any right angled triangle, the two conteyuing fides being 
given, to finde the fubtendent. 


N a right angled triangle, I call them the A B 


Sone fides which do contayne the 

right angle, and the linc fubtending theright 6} & C 

angle, { call thefabtendent, of which any two 

being given, you may finde the third. 49 6 
Example. = : % : D 


8 


Let the fides (E Dand C D) bee given, and the fide E C is required ; 
to do this Geometrically, is no other then making a tight angle of the 
two fides, and from the exereme part of one tothe extreme part of the 
other, to draw aright Jine, which (hall be the fabtendent, which thall be 
double in powerto the two contayning fides. | 


Osherwife Arithwmetically. 

Letthe fide EJD be8, andthe fide C D 6, and I'defire to know the fide 
AC; firft | fquare cach fide,faying,8 times 8is 64, and 6times 6 is 36, 
which added,makes 100, out of which [extra& the fquare root, which 
is 10, and that is the fide required : Contrary, -ifone fide bee given with 
the fubtendent, and the other fide.be required, I fquare each, alwayes 
fubtracting the {quare of the fidefrom thefquare of ‘the fubtendent, and 
the remainer is the (quare of che other fide, whofe {quate root is the fide 
required. ~ i aT 7 

Exaniple: 

The fubtenident E Cis 10, the bale E Dis 8, and there is required the 
perpendicular DC ; firft multiplying to in iefelfe gives 100,and,8 mul- | 
tiplyed in it felfe is 64, which fubftra&ted from 100, refts 36, whofe 
{quare reotis the fide required ; fo thatfrom henceis gathered, thatthe 
fubtendent is double in power to the two contaying fides, which isa 
maine propofition, on whichdoth depend a great part of Geometry. 
Euclide a. propofition 47-: . os ws 

pe Ta tin Prob. to. all whe 
To finde the center of any arch of acircle preferibed. 
L Et there be an arch ofa circle whofe center is required ; firft I divide 


A che arch into twoequall parts, and then fetting onc foot of the pi 
Paice 


paffes in the extreme parts, I open the 
other foot fomewhat more than one 
fourth, and fo defcribe an arch above 
and beneath, and chen removing my 
Compalles, I fix one foot in the midft,and 
mark where it interfe€teth in the orher 
arches, then I draw two ftraight lines 
thorow the interfeGting arches, and where 
thofe two lines cut each other, thatis the 
center. . 


nn 


Example. 


Let AC D bee the arch of which I defire to finde the center, 
I divideit into two cquall parts, in the point C, then fetting one foot 
at A, [extend the other fomewhat more than : between A and C, and 
there defcribe the interfe€ting arches above and beneath, which are mar- 
ked with D E and DF ; fo likewife I do the like from the point D, 
then I draw two ftraight lines D E and D Finterfe@ing cach other in the 
point B, which is the center of that arch required, 


-Preb; xr° 


To finde out the chord lines ina circle, from the 
third to the tenth. 


if Et AB be the diameter of thecircle, ont of which the chords are'to 
4—be found, firft having drawn the diameter,and your Compaffes ftand- 
ing atthe femidiameter, fetone footin A, extending the other thereof 
both above and beneath, till ic inter{e@ in : re 

thecircuniference, and notethofe interle- — 
ions which here are C, D, drawing the) 
line C D, which thall bee the third chord, 
that done, crofle the diameter at right an- 
gles in the center with the line FG, and 
from A to F draw a line,which thall be the 
fourth chord: now to finde the fiftchord, 
{ct onc foot-ofthe Compaffes in E, and exe 
tendtheother toF, fetting offthe fame di- : 
fiance from Fto H, which {hall bee the fife , . 
chord ; the fixe is the femidiameter I F, the feventh is halfe thethird 
chord, whichis C E or D E; for the eighth chord lay your Ruler by the . 
center I, and the interfection K, and note where it cuteeth the circum 
ference in L; then draw the line A L, whichis the cighth chord , then 
dividethe arch line C D into three equall parts, as the line DM, which 
the ninth chord ; laftly, theline ] Histhe ceath, fo have you the chords 
from 3 to 10, which wasrequird.) = 


Prob. 


eS 
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Prob. 12. 
To finde out the chordes abo've the fourth another way. 


F Irft, rake an equiangled triangle, then from one angle thereof draw a 
» perpendicular, cutting the bafe, which line fhall be increafed beyond 
the angle, then divide the perpendicular of the triangle, into five equall 
parts, and continue thofe divifions on the line according to what num. 
ber you pleafe: then may youby this figure fo provided, finde out any 
chord ofa circle appointedin this order: Firft lay downe the circle, 
whofe chord isrequired, and draw thereuntoa diameter, which increafe 
at length, then fet one foot of the Compafles in an angle of the triangle, 
and extend the other to one divifionlefle than the chord tequired, and 
fetting one foot in the e¢nter with the other, make an arch, beginning it 
from the diameter; that done, put the fides of the equilatet, triangiefrom 
the interfection of the diameter, and the faidarch laft prefcribed, as farre 
as it will reach in the arch, then lay your ruler by that interfeGtion, and 
the center, and.draw a ling, noting where it cuteeth the circumference of 
the given circle, and from that pointto the end of the diameter, draw 2 
line which {hall be the chord required. 


Ex ample ® 


Let H beacircle ginen,wherein a Heptagon is to be infcribed: fir the 
feventh chordisto be found, therefore draw the diameter FG, which ine 
creafe in length towards O, then fet one foot in the angle A, of the pre- 
pared figure, extending the other to the fixth divifion; fo the Compat- 
{es unaltered, fee one foot in the center of your circleH, and with the o- 
ther make the arch I K, that done, take the fide of the triangle A C, and 
(ct it from I towards K, and note where it endeth in L, then draw the 
line L H,and note whereit cutteth the circumference in M, and draw 
theline I M, which is the feventh chord,and will be found feven times in 
the circumference, and the lines being drawne, will include a Fleptagon 


which was required. 
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pe ares 


To meafure the Area or fuperficiall content of any Geo ote 
trical figure. 


Defi. Tomeafure the Area or fuperficies of any figure, is to thew 
a nny feverall {quares are therein contained, according to the {cale 
affigned. 


_ Prob. 13. "< 
To meafure the Area; fuperficies, or content of a{quare, 


T O meafure a Geometricall {quare is nothing elfe, but A__2°__ 
multiplying the fide in itfelfe, let ABCD, be a geo. 
metricall{quare, whofe fide A B, is 20. which multiplied in? area 
rote) 


it felfe, produceth 4oo. the content of that figure. ele 
Prob. 14. . 
Arithmetically to finde the meane proportion betweene 
7 twonumbers. 


He meane proportion is found by multiplying the two numbers to: 
gether, and out of the productextraé& the {quare root, which dhew- 
eththedemand. - ~ 


oe Example} 
Let the twonumbets given be 32 and 50. which multiplied together, 
produce 160, whole fquare root being extracted, is 40. which is the 
meane proportion betweene thofetwo numbers. 


Prob, 15: 
The fide of afquare being given to find the length of the Diagonall. 
L= AB €D, bea fquare given, whofe length of the Diagonall A D, 
is required: firft, you fhall {quare AC, which is 20, fa. 400. which 
double al waies in this cafe, fa. 800. the fquare root whercof is the Dia- 
gonall A D,now forafmuch as 800 is a furde number, and hath no iper=. 
fe& root, therefore finde the root in fourths,fo fhall you finde the root, 
thereof to bee 113 fourths, and taking the; ofthat number, is28: for, 
the lepeth of the Diagonall. AD, as appearethin the former Diagram. ° 
Prob. 16. : 
To meafure along {quare. 
Omeafure the content ofa long {quare, is to multiply the length in 
Tie bredth, the produé giveth the content required. 
| Example. 
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Example. 


Let A BC D, be a picceofiground, containing 50 perches in length, 
and zo perchesin bredth, and I defire to kngw the content, firft I mul- 
tiply 20. with 50 fa.1900 which is fo many 

erches, that thisfigure containeth: nowif A_____ so B 


_— , 

you pleafe, you may reduce the fame into ia 

acres by dividing the wholefumme (by160) [10 000 

which is the contentofoncacre, fo the con- D 


tent inacres will be found 6 and 40 perches C 
which is ;ofanacre. 


Pr ob. i7. : 
To meafure a Regular Rhombus. 


BY Rhombus is meafured by multiplying the perpendicular in 
the bafe. 


Example. 

Let AB CD, beaRhombus given to be meafured, whofe fides thall 
be 24. andlet the propofition be tocaft up the content thercof : foraf- 
much as the Rhombus confifteth of two me P 

: : ; f m4 DB 
equilater triangles, therefore a perpendi, 
cular let fall from one of the obrtnfé angles-. 5 
as A, fhall divide the fide ED, whereon ie = 7 | 
fallech into two equali parts into E, then is , 
CE1i2, Then may you bythe 44 propo.*+ 
fi'ion of the fir of Zaclid, finde the leneth | , 
of the perpendicular A E, which is after this manner, (quare C E, which 


is 12 fa. 144 alfo fquare A C, which is 24 fa.576 fubtrat the leffer, . 


which is C E, 144 trom A G, 576 refts 432 whole fquare root being 
extracted, is 74.32 neere rational 202. which multiplied by 24. produ- 
ceth thearea of the Rhombus 498 which was required. 


Prob.. 18. 


To meafure anirregular Rhombus. 


ee ABCD, be an irregu-  - > 

lar Rhombus, whofefides A 21.2 B 

fhall-be 212. andletthepropo- 

fition bee to caft up the conreng 

thereof: firftleefall the perpen- | 

dicular BE, which applied to 0 t=» “iene es a D 

the fame {cale from whence the 

fide A B, was taken, will be found to beg 2 which if you multiply by the 

fide 21 :.it gives youthecontent ofthe Rhombus, which is 205 ;- that 

divided by 60, giveth one acre 45 perches; phe 
B Prob. 
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Prob. Io. 
To meafure a Rhomboydes. 


Very Rhomboides is meafured, as long fquares and Rhombus are 
4-meafured, by multiplying the perpendicular in the bate. 


Examples 


Let ABCD, bea Rhomboides to be meafured, whofe fides are 4930 
and 3 5. firft Icefall the perpendicular EC, which being applied to the 
fame fale (from which the other fides were taken) it, {hall bee found to 
contzine 31 :. which multiplied by the bale 49? produceth 1559 2.which 
being reduced toacres,as i have fhewed, is 9 acres 1193 perches. 


Prob. 20: 
To mseafure a right angled triangle, 


A, LI triangls whatfoever confifting of right lines; 
*are meaftved by multiplying: the bafe with 
the perpendicular, or halfe the perpendicular with 
the bafe, or elfe multiplying both together,and take 
halfe that produ& fheweth the content, wherfore 
ifyou muleiply 15 by 10 which is halfe che bafe fa. 
x50. for che content of the triangle A BC, which was required., 


Prob. 21. : 
To meafure an Equilacer triangle witbout finding the length 
of the perpendicular. 


hy AVitiply : of one of the fides in itfelfe, and that 
LY Eorodud againe by the 5, that number mulei- 
plied in haife the perimeter, and from that produ 
che {quare root extracted, anfwereth the demand.- 


Example. e - 


Let ABC, bean equilater triangle to bee meafured, whofe fides are 

2 0, which being halfed is1o, whofe fquare is 100, which multiplied 
againe by ro fa. 1000. and being multiplied by : the perimeter, which is 
20.fa- 


— -. 2a) J’ a 
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30 fa. 30000. whofe {quarc root being extracted is 717 3 for the content 
of the triangle A B C, which was required. 


a 
os 


- Prob. 22: 
The diameter of a circle being givento finde out the 
: circumference, 
‘Very circumference is more than triple his 
diameter, by fuch proportion as is more B 
than ‘2.andleffe chan :. but the neareft rati- 88 
onall proportion betweene the diameter and 
circumference, isas 7 to 22. 7 yg A Nia C 
Example. | 
Let A BCD, be the circumference given D 


whofe length is required,. and let.A C, the | 
diameter be 28. I demand the length 6f the circumference ; multiply 
alwaies the diameter by 22. and divide that produa& by 7. you have. 
your defires 028. by 22. fa.616. which devided by 7. the quotient is 
$8. for thecircumference required. ; | 


Prob. 2 3, 
To meafure a circle, 


E Very circleis:+: of the {quare madeof his 
diameter, therefore fquare the diameter, 
which fhall be 28. fa. 784. which multiplied 
alwaies by zy. and that fumme divided by 14. 
the quotient will be 616. for the area or con- 
tent of the circle ABCD. © 


u 


B2 Pro. 


Teer. 


ae rem, eee a PO eee 
oe 


Prob. 24, 
“To give the extenfon of the arch line. 


c 
Et BCD. bee an arch line gi- 
ven, whole length is required : a 
firft,draw the cord line BD, which 4 _-* 


muft be alwaies divided into foure 1” on > > 
equall parts, as you fee numbred, 
1,2,3,4. then take one of thofe 


parts, and fetitfrom DtoE,upon , 
thearchline- That done,drawa_ , 
line from the point E, tothefirhtB &- \p 


divifion, which fhall berE, this  “*. 


fee, 


line is halfe the length of the arch ne? 
jine, BCD. . i a 
! ! A 
Arithmetically. 


Let B C D.beanarch line, whofe length is required : firft finde ont 
thecenter (by the tenth propofition) to that circle vghereof BCD, isa 
pat of the circumference. Then take A B,or A D, and apply itto fome 
{cale, to findethe length thereof, which let be 14. then isthe whole dia- 
meter 28, whofe circumference will be 88. then finde the quantity of the 
angle B A D, which you thall doc after thismanner : take the femidiame- 
cer, and fit it ona corde of 60 degrees, then take off the line BD, in the 
fame corde, and you fhall finde it tobe an arch of 120 degrees. Laftly,' 
fay by the rule of 3. if 360 were 88 parts, what (hall 120 fa, 29. the. 
length of the arch line which wasrequired, . 


— Prob.25. 
To meafure a femicircle; 


pve 3» Circle is equall to tbat 
long {quare which is made ofthe 
femidiameter and halfe the arch line, 
therefore multiply halfe the arch 
line by the femidiameter, and the 
produ& fheweth the contentofthat ¢ 
halfe circle 


; A 

Example. 
Let G BH, beta circle to be meafured, whofe diameter GH, is 28, 
the whole circumference is foundto be 8. and confequently the halfe 
is 44. which is GB H, halfe which is 22- multiplied by the femidiame- 
ter 14 fa. 308 for the arca of the femicircle, which was required. 


Prob. 


a A RP PP A 
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Prob. 26, 
To meafure any portion of acirele. 


Ota: You muft’ underftand 

that 6 forts ofportions of cir- 
cles may be given to be meafured, 
and the reafon of all thefe:meafu- 
rings, is grounded on this The- 
orme following. 

Theo. Every portion of a circle 
which is contained under two fe- 
midiameters, and one arch line, is 
equalltothat long fquare, whofe 
length,& bredth is equall tothe fe. 
midiaméter, & ; the arch line, ther- 
forein any. fach portion, multiply. 


zthearch line by the femediame-" “s,s v4 
ter, and ic fheweth the Area ot sneha 
contentthereof. nil a Dadyert 
' D 
Example of the firft., .. ‘ 


Let A C._D,be a portion of a circle, whofe Atea is required: firht; the fe. 
midiameter A B, is 14.and the arch lineB C D, isfound tobe 7+ halfe 
whertof is 13 :. which multiplied.by 7. the femidiamerer produceth 
182, forthe AreaofABCD.... Ss, ws i 


<=“ Exatiple of the fecond. 

Let A BC, be apportion of a circle ro be meafured, now for tharitis 
notincladed withtwo femediameters and an arch line, therefore you 
muft draw the two femediameters A D,and B D, fo fhall you include the 
triangle A B D, more then the cantell A B C,now firft meafure the whole 
figure A ‘CBD, by thelak propofition, whofe Area willbe 7 182. Then 
mieafurethe Tfofcheles triangle A BD, whofe Area will bee >7203. and 
ntere rational; 843. which taken from 182. leavéth 93 :- for the Area of 
theCanecllA CB. - | _ ' : 


‘ Example of the sbira. 


Let ABC, be a portion of acircle, whofe Ateais required; now for 
that the wholeconfifteth of an.arch line, anda-chord lines therefore 
firft finde oue the center D, then draw the two femidiameters D A, and 
D C,and finde the content of the figure C AD, and B, by multiplying 
i thearch line A BC, which containeth 2godegrees, and fo confequent- 
ly is 583 whofe : multiplied by 14. the {emediameter, the produc will 
be 410 3 for thearea of A B Cand D, to which the triangle being added, 
whole arcais 7.7203. and neere rationall’ $47 maketh 495 3. for the 
whole area or portion of the circle ABC, which was required. 

B20 Exam. 
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Example of the fourths 5 


Leta BCD, be a portion ofa y, 
citcleto be meafured: ow for thats, / 
the perimeter thereof confifteth of / 
two arch lines, and two. chord oe <= 
linesstherefore firft che center is to 7 i 
befound, which let beE,then draw “a 
the foure femediameters, {0 (hall - B 
you reduce that figure or pottion * “a 
ofa circle like unto the firft Exam- > 
ple, all whieh toure figures being 
mealured, as hath ‘beene taught, 
you fhall finde the content of the 
whole figure to begun. 327 


Ie aka te 
6 ee « "lay 
“Pay 


Example of the fifth. °° 6 


Let A BCD, bea portion of acircleto be meafured, being inclofed,, 
in which are two chord fines, and two arch lines, but whereas in the o-. 
ther Example, Taft before the center was in the figure, in. this the center 
is without, yet as in all the reft, fo in this the center is to be found, which, 
let be E,thendraw the foure femediameters, {0 fhall you reduce the 
figure A B C D, and E, into three figures like che firft example, and one 
Ifofcheles triangle EB C, thefe three figures are to be meafured, as hath 
becne before taught; and from the faperficies therof, the triangle A D E, 
is to be {ubtracted;theremainder-(heweth the area of the figure AB CD, 
which was requiredyss* 8 im 


Example of the fixth a” 


Let ABCD, be afigure givento be meafared, firftleethe center bee 
found, then draw the (emediameter.A, E,and BC, fo (hall you include 
a figure like to that in the firit example, thatdone, meafure the content’ 

. r of 


~ 


t } 
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of the cantle ABC, by ‘by the fecond Es Example, to which content the fuper- 
ficies ofthe Triangle A D C being added,. maketh the arch of the whole 
figure ABC D which was required, and fo much thall (office for meafu- 
“ine of faperficiall formes, forthat no faper ficies can be made, bur muft 
be fubjeet tofome of thofe.formes. 


erate i a ir 
— 


How to Bet forme (Reduction, Addition, Sub- 
~ ftra&ion, Multiplication ,-and Divifion, with the 
Rule of Proportion) by Geometrie, and firfi 
for Reduttion. 


3) Edudtion is a converfon of one Geometricall figure into ano- 
| cher, and yet to keepethe fame fuperficiall content. : 


Prob. 27, 
How to make a Geometricall (quare of two lines, whether 
~~ they be equall or unequall 


(i is doneas I have former! y thewed you;Problemecighth, by fin- 
ding themeane proportion betweene the two lines given, whieh 
mecane Nas age cub is rit “ ee of the et ae fquare. 


| ‘Example. | rh 

Hed the’ pies A LB be pinen, I = BA: 
ioyn them to gether in the paint E - =>= 
then finding thecentre-(as I haue . 
fhewed) Ldefcribe the arch CG D 
fu “eredting “the perpendicular E 
G, it is the fide of the Geometrical 
{quare an(wering co thofe two lines 
A B, toperforme this arithmetical- \ € ve 
lyi is in all points the fame, as the cighth propdlidbr wherefore I thinke 
it foperfluous to treate of the fame againe. 


pibh 28; 
How to reduce along ash into a Geometri- 
call (quare. 


Tes Opetation of chis is the fame with 

the other, forif you adderogether the 

length and breadth, and’ on that linéde- 4 
{cribe afemicitcle, and from theconcur- / 
ring pointere%a perpendicular till it cuts 4 , 
the arch,the length of that line (hail be the © 
fide of the Geometrical! {quare containing the long ~ 


Example 


26 
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Example. 


Let the long {quare A BC D, be reduced into a Geometrical] {quare,I 
adde the breadth to the length, & extend the lineto E:then defcribing the 
arke G © E, Iereta perpendicular , from the point D, which extended 
tothe Circumference, cuts it in F, fois D F the fide of the Geometrical! 
fquare C H F D: containing the long {quare A BC D, to performethe 
famearithmetically, multiply the length in the breadth ; and from thae 
extraét the {quare Root which is the fide required. 


Examples 


Letthe length A Bber6 thebreadth AC 4,which'multiplied together 
produce 64, whofe {quare Root is 8, the fideof the Geometricall {quare, 
which was required. 


Prob. 29. 
How to reduce aGeometricall fqnare, into along Jquare, 
whofe length or breadth t given, 


Example, 

Let the Geom«tricall {quare A B C D be given , to be reduced intoa 
long] {quare whole breadth fhall be DM, firft Tinlarge the fide CD 
towards K,, then fetting downe the breadth from DtoG, I draw the 
line GB, which I divide into two equall parts in the point H, and on that 
Tereét the perpendicular,extending it till it concurrein the point I,which 
let be the centre of acircle, 
fo that fetting one foot inw 
the point: , and extending 
the other unto G, defcribe 
thearchiGBK, and from 
DtoKk isthe length of the 
long , whofe breadth was ¢ 
formerly given, fo have you 
ehe long fquare K LM D, equall to the Geometricall fquare ABCD, 
which was required to be done, 


eArithmetically. 


_ Becaufe asis aforefaid the fide of che Geometricall (quare isa mean pro- 
portion between thetwo fides of the long fquare. Therefore {quaring A 
B whichiis:here tenne, fa. 100, and dividing the produ& by the fide 
D M,which thall be 8,there commeth in the quotient 12 ; forthe length 
of the long {quare, whofe, breadthis ¢, and being multiplied together 
will produce 100, which is ¢quallto the Geometricall {quare A BC D. 


Prab. 


eA Treatife of Geometry. 4g 9 


a ee 


» 
ee 


a 


Prob. 30. 
To reduce a Triangle into a Geometricall Square. 


Le there bea Triangle given , tobe re- 
duced intoa Geometrical {quare, find 
the meane proportion betweene halfe the 
perpendicular and the bafe, and itthall 
give you the fide of the Geometricall 
{quare. 


Example. 


Inthe triangle A BC the perpendicular is BD, whofe halfe J fee of 
from C towards E, then taking the midft of that line I fet one footof the 
compaffe, andextend the other towards A, defcribing the arch AFE, 
then raifing the perpendicular from the point C, Iobferue where it inter- 
{e&s in the arch which is in the poine F, fo that C F G isthe fide of the 
Geometricall {quare containing the Triangle. 


Avithmetically. . 


Multiply the perpendicular, in halfe the bafe,and from that fumme,ex- 
traét the (quare Root, which fhall be the fide of the (quare required. 


Example. 

Let the perpendicular B D be foure , and thebafe AC fixe’, multiply 
the perpendicular -foure by ; of the bafe which is three fa. 12 whofe 
fquare Root is » 12 neere Rationall 35 which is the fideof the Geome- 
trical] (quare F G equall to the Triangle 4 B G which was required, 


~ Prob: 31. 
Howto reduce a Rhombus into aGeometricall quare. 
fides, whereforeif youopen your compafics tothe length of any 


one fide, and toitaddethe perpendicular, the meane proportion 
between thofe two fhall be your defire. 


. Rhombus (as I have fhewed youin my definitions) hath equall 


Example. 


Let there be ginen the Rhombus A B 
CD to be reduced intoa Geometricall G 
fquare, I lay downe the fide A B, and 
to it I adde the perpendicular DE, 
which makes the line A F, then on the 
point B, Tereét the perpendicular GB, EB 
whichis ameane proportion beeweene the bale and perpendicular,andis 
the fide ofa Geometrical {quafe, containing the Rhombus , which was 
required. 


Arith- 


22 
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Arithmetically, 


Multiply the fide of the Rhombus which is 24 with the perpendicu- 
jar, which is here 21, and the product is 504 whofe fquare Roote being 
extracted, gives the fide of the Geometrical {quare G H,and isneerera- 


tionall 22 ;.. 
Prob. 32. 


To reduce aRbomboydes into aGeometricall quare. 


ie this you muft let fall the perpendicular, asintheformer,and finda 
tmeane proportion, betweene that and the fide whereon it falleth, and 
that thall be the fide of the Geometricall fquare. 


Example. 


Let ABCD be the Rhombol- 
des G D, the fide on which the per- 
pendicular falleth B Ethe perpen- 
dicular , which joyned together 
make the JineC F; then from the 
point G raifea perpendicular inter- 
fecting the circumference in I, fo : 
that G1 isthe fide of the {quare containing the Rhomboides which was 
required, 


Arithmestically, 


You thal! worke for this as you did the Rhombois , for letting fall the 
perpendicular, and finding the meane proportion, berweene that and the 
bafe whereon it falleth, is the fide of a Geometricali {quare , anfwerable 
to the Rhomboides. ; 


Example. 


Let the fide A B be ten, and the perpendicular foure, which two being 
multiplyed together make fortic, whofe {quare Rooteis y 40, and necre 
Rationallis 6 £ which is the fide of the Geometricall {quareC 1, which 
was required. 

Prob. 33. 


To reduce aTrapexinm into a Geometricall (quare. 


LE ina Trapezium, aline be drawne from any one angle,and of that line 
aparallclopram be madecomprehending the Trapezium , and parallell 
to the line fo drawne, halfe that parallelogram is equal tothe Trapezium, 
fo that finding the meane proportion betweene the two fides of the long 


{quare, you fall have the fide of a Geometrical fquare. 
Xn 


——— 
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Exainple. 
Let'therebegiventne Trapezium 5, a 


ABCD, firft drawthe line AC,H 2 
then by the Angles B D, draw two ; eee 
lines paralicls to A C, andfrom the, oes 
extreame partes of onc tothe other “{ wae | 
draw the linesF HEG fohaueyun G D Tj 
a parallellogram double to the Tra. 

pezium, whict if you cutin halfe by the line 1 K, you have the parallelo. 
gram equall, fo that finding the meane proportion Beeler ite two 
fides, you fhall have the fide H & , which is the fide of the Geometrical 
(quare as was requitce, and drawing the line BH, havea Triangle cofi- 
raining the fame proportion which is E G H, equall to the faid {quare. 


A rithmetically. 


This may ke reduced Arithmetically by making the parellclogram, 
comprehending the Trapezium, which isE F G H. 


Example. 


Let theTrapezium A BC D be given firft,I drawthe lines E F G H pa 
rallelto AC,which I find tobe fixtie, & from the extreme parts of one to 
the other,I draw the lines EG F H, which I find to be 31, which being 
done I multiply § of rhe one by the whole of the other , fothat it produ- 
ceth 920, for the fuperficiall coutent; whofe fquare Rootis y 930 neere 
Rational! 303 which isthe fide of the Geomactricall {quare equali to the 
Trapezium, which was required. 


Prob. 34. 


To reduce any Regular Polligon, into a Geometri- 
call {quare. 


Regular Polligon is that which hath all his fides equall, whether 
A it be Pentagon, Hexagon, or Heptagon, now toreduce any of 
-ei thofe figures, there is a generall Rule, which is this, find the mean 
proportion betweene the Semiperiméter and the perpendicular, and that 
isthe fide ofa Geometrical] {quare containing the faid Polligon. — 
Example, 

Let there be given the Hexa- 
son ABCDEF, firft I lay 
downe the Semigerimeter K H, 
and to that I adde the perpendi- 
culat G H, which makes the line. 
K M,fo thar T make that the dia- 
mieterto the femicircle K AM, k-~ 
then I raife the perpendicular 


from 


a 
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from the point H, till it cut checitcumterence in N , fo that BN isthe 
fide of the Geometricall {quare required,note that in all regular Polligons 
the long (quare madcof the Scmiperimeter , and the perpendicularis ¢. 
quall ro the faid Polligon, as appeares by this figure. 


eAvithmetically. 


Firft find out the perpendicular G H_, which yon fhall find to be neere 
8+, then multiply that ia the Semiperimecer, which is thirtie,fa.25 5,for 
the content of the figure, whofe fquare Root is 255, and ncere Rationall 
fixteen, for the length of HN, the fquare whereof being made, thall be 
equall to the Polligon given, which was required. 


Prob. 35: - 
To reduce a Circle given into aGeometricall {quare. 


Hi Aving defcribed a circle, draw a diameter, which let be divided into 
fourteen parts, & ona of thofe partsereét a perpendicular, which 
extend to the circumference, and fromthe point of interfe@tion draw a 
line to the extreame part of the diameter , which line fhall be the fide of 
the fquare containing the proportion of the circle. 


Example. 


Let the circle given be A C B A, the dia. ' 
meter A B being divided into fourteenc 
parts, take 14 of thofe parts which is at 
D, and ere& the perpendicular C D,then 
draw a line ftom the pointG to theextrem 
part of the diameter which is to A, fo the 

\ ° line A Cis the fide of che {quare propor- 
tionable to the circle which was requi- 
red. 


Arithuserically: 


_ Firft, lee the diameter given to 28,which fhall be multiplyed init felfe, 
and that produ& by 11, then dividethe wholeby fourteene, thequo- _ 
tient anfwereth to your queftion., 


«Example: 
_ Twenty cight moleiplyed in it felfe produceth 754,that multiplyed by 
it is8624, which divided by fourteen , the quotient is 616, whofe 


fquare Root isthe length of the line AC % 646, necre Rationallay$, @ 
{quare whereof being made will be ¢quall. to the circle given. 


Prob. 


SS 
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Prob. 36. 
To reduce aGeometrical] Jquare into acircle. 


H Aving laid downe a fquareto bee re... 
- “duced intoa circle, take any fide of it, - 
and divide it into ux. parts, defcribing a 
femicircle to the faid diameter; then on 
eight of thofe parts, erect a perpendi- 
cular, which extend to the circumference 
of the femicirle, then draw a line from the 
extreame part of the diameter, interfeQing. 
the perpendicular in the circumference of 
the circle, and continue that line ‘till ie en 
touch the fide of the fquare, fo chat lirie ‘will bee the diameter of acircle 
anfwerable to the {quare. oman 


0, Examples jie 3+ f 


Let the {quare A BC D; be given, making CD, the diameters I des 


{cribs the femicircle C FD, then having’ divided the diameter into 11 
equall parts, I take eight of thofe parts; and there'I ere& the perpendi- 
cular E F, then I draw a line (from the extreame part of the diameter) 
which interfe&teth the perpendicular in the circumference, which being 
continued, tgives the line D G, the diameter of the circle required, 


Arithmetically. 


Firft (quare the fide of the {quare given, which is here 10. fa. roos 


-which muft be multiplied alwaics by 14, and produceth 1 400. this proe - 


dué likewife muft bealwaies divided by 1 1,which make 123 ; thefquare 
root whercofis 7 127 3. andneererationall 11 3:. forthe length ‘of the 
line D G, fo that a circle made, whereof D G, isthe diameter, is equall to 
the fquare A B C D, which was required. of 200 te BY aaa 
| Of Addition Geometrical, 

Definitio, Addition isthe producing of many figures in one, and to 
retaine the fame quantity. a od ale tun 
Prob. 37. 

To adde two {quares together, 
Hiv the fides of two fquares, make thereofa right angle,and from 


the two extreames, draw a right line, which fhall bee the fide of a 
{quare, containing the other two. ’ ai ie 


C , Bx aw. 
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Example. 


a 


= 


Let AB, be the fides of two fquarestobee 6} 8 . sete 
added, andlet C D E, bethe right angle made 
ofboth thofe lines, then {hall the line C E, be, “9 S 
equall_in power to both the lines, C D, and 
ED, which was'required. 
Vt See | E D 
eG | : 

wu 4 Arithmetically. 

Squarethe two liacsA B, adding their two {quares together, and 
from that fumme extract the {quare root, which fhall be the fide required. 


Example. 


Let the line A be 6. which fquated, fas 36. againe the line B, thall bee 
8, which {quared, hall be 64. thefe {quares being added, fa, 100. from 
whence extracting the {quareroot; fa: xo which is the fide of the fquare 
equall to the other two fides given, andisthelineRG.  « . 


— » Prob. 38: | 
To adde divers {quares together, 


L= ABCD, be the feveralllines which 

reprefent the fides of feverall {quares; . 

firft, | make aright angle whichis EF G,--~a —4 
and trom the point G, to H, [fet off the=—¢———~¢_, 
line A,and from the fame point toward I, 

L fet offthe line B, then I draw the line HI, 
which containethboth thofe fquares, then | 
fetting off thatline from G to L, andthe 
line C from G to K, J draw another line : 
from thofe two points, which ‘is KL, and MK H 
doth containc thofe three {quares, then I cake that line K L, and fet it off 
as I didthe former, and the line D on theother fide, and draw the line 
MN, which containeth the foure {quares made of A BC D, which was 
required. 


| Arishmetically,:, 
Square cach line or fide particularly, then addethofe fummestogether, 


atid from the whole, extra the fquareroot, which fhall bee the fide of 
a {quare, containingall the others ; OTe kA 


Example. ; 
Let the fide A be 3 whofe fquare is 9. againe the line B hall be 4 C 
5 and Do.the fquares of cachbeing 9, 16, 25,36-which added together, 


giake 


, 


ae 
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make 86. the {quare root ee ec ea. 
ich j i onall g = f | 
line MN, which isthe fide of a quare equall tothe fides A B € D ae 
was required. ; 

Prob. 39. 


To addetwo circles together, 
N all circles the diameters are in proportion as the fides of a {quare 
Ae 5 


wherefore if you takethe diameters, and worke as you doe for the 
{quares, you fhail have your defire. , 


Example. 


Let there bee two circles, 
namely A B, which I would. 
adde together, I take theit - 
diameters C D, and EF,and / 
fet them off in the right an. 
gle GH I, and from the two a 
points KL, (which is the 
length of each diameter) I 
‘draw aline which isthe dia- 
meter ofa citcle containing 
both the formes, which was 
required to be dose. 


Avishmsetically. 


Square the diameter of cach circle, addi tata |e 
“¥ » adding their fquares together, 
and extracting the fquare root from the fumme, it fhall be the ae 
ofacircle, containing theothertwo, ; 


Example. 


Let the diameter of Abe ro. which {quared, fa. 100. like wi ot 
ae - 100. like as 
meter of B, hal be 13. which (quared, fa. 159. which bet ie 
ath i 269- t ea ca whereof is y 269. necrerationall 163 which 
‘s che diameter of the circle, containing the other. ¢ ‘ . 
required. ‘ itl epish “? 
Prob. 40. 
To adde two long {quares togethers 
Fi reduce your long {quares into geometrical f{quares, as 1 have 


2 ig you, and then proceed according to theewo former propofi- 
10 50 ; : 


C2 Prob3 
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Example, 

Let AB G D, be one of the long fquares, and lee H IK L, beetheo.- 
ther, I yeduce them into the two geometrical {quares, D EF G, and 
LMNO, then I fet one fide of the Iefler {quare from Q to, T, - 
and the other from Q to S, anddrawthe line TS, which is the fide 
of the {quare V, equall to both the long {quares, which was required. 


‘Avithmeticaily : 
Reduce the two long {quares into two geometricall {quares, by the 
twelfth propofition, and then adde them together by 21 propofition. 


Example, 

Let the fide A B, be’ 40, and the breadth thercof fhall bee 10. which 
multiplied together, fa. 400. the {quare root whereof is 20. the fide of the 
gcometricall {quare anfwerable to the fame, but if you take the content. 
of the other long {quare, and adde it to this, and from the whole, extra — 
the fquare root, it fhall be the fide ofa {quare, containing both the other, 
fo the fides ofthat being 40 and 13. which being multiplied together, fa. 
520. which added to 400. the content ofthe other fa. 920. whofe fauare 
root being extraated , is y 920:and neere rational 30; which is the fide 
ofa gcometricall {quare, containing both the long fquares, and is the 
fide ST, which was required. _ 


Prob, 24; 
To adde divers figures together. 


A there be a {quare, a triangle, and circle to be added togcthers firkt 
I reduce ehem into one forme, and then I proceed as before. 


Exams 


Naa Rane Ee 


ERE CRA re rN SA oer 
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a lin 
a 


| it & 0 
=F Aye 5 Example : ers: 

LetABC D, be the {quare,E F G, the triangle,and M ON, the circle. 
[reduce the triangle firft into along {quare, and then I finde the meane 
proportion betweene the two fides, which is the fide of a geometrical 
{quare equall to thetriangle; then I: finde the {quate. anfwerable to the 
cirele by a former propofition, which having done, I make the right an- 
gleP QR, and (et off the fide of the {quare A BC D, from Q to P. and 
the fide ofthe {quareK L, I fet off from QtoT,: then I draw che ling 
P T, equall to thofe two fquarcs; then'T fee’ off that: line, namély from 
Qto V, and alfo the line MO, (the fide ofthe other (quare) ‘from Q'to 
W, and draw the line VW, which is the fide‘of the fquare XY ZO, | 
and isequall to thethree former figures which was required to be done, 


wee Arivhmetically. twit 

Firft I finde the content of each of them feverally, then adde all chofe 
contents together, and the produ& {hall be the cotall to the demand, the 
{quare root of which fumme being extracted, fhall be the fide of the ge- 
ometricall fquare, containing the fame quantity of all the other: 

| Example. _ 

Let the fide of the fquare A B, be 20. then is the content 400. likewife 
the triangle E F G, being reduced, the fide of his fquareis found to bee 
14. whole contentis 196. andthe circle MO N, being likewife reduced, 
the fide of his quare is 13. which produceth for the content, 269. thefe 
three fummes, being added,fa.765.whofe {quare-root-being-extracted is 
y 765. andis neere rationall2 7 ; for thefide of the {quare W X, which 
is equall tothethree other figures... .. 


_, Prob. 42. 


A.gencrall a) for adding al Jorts of figures whether 
oy toot <i. regular.or irregular. nt" | 
L Erthere bepives wharirregular figure you pleafe| you full ftftdraw 
ic forch into tiangles,'andthervobfervethis; (that the meade proper-' 
: C3 tion 
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tion betweene halfe the perpendicular and the bafe) is the, fide of a geo- 
metrical {quare anfwerableto that faid figure, fo having reduced them, 
you may prucéed according as I have formerly fhewed. 


Of Subftra@ion ecometricall, 


Subftraction is a'takitig of the leffer figure from a greater, and to give 
the remainder in the third figure. 


Prob. 43° 
How to [ubftratt one line from another, andto give the 
remainder in athird. 
LEt Aand B begiven to fubftra& the lefler out A —lIo 
of the greater, let A be 10, and let B be 6. then B———-~6 
is Cee remainder, whichis 4. for 6 fubftra@ed C—4 


from Io. there refts 4. fo the twolines B.C, are equallro A which wa 

required to be done. is 

aes | ’Ptob. 44. | 

To [ubflraé one quare fromanother, andto give the remainder 
wae | inathird. 7 


Et A B GD, and EF G H, be two fquares, itis required to fubftraa 
_ the fquare E F GH, from the fquare A BC D, to doe this you muft 
firft make aright angle, and fet offthe fide of the: leffer {quare from the 
right angle on any fidé,and fetting one foot of your compafles in that 
point (being opened to the diftance of the fide of the greater {quare) ex- 
tend the othertillit cut on the other fide,and looke where the point of — 
interfetion is, for from that point to the right angle, is the lengthof the 
third line, or the fide ofafquare remaining. — ” 


xl 

oe o 

EE F 

D qo HM 7™ 9 
Example. 


Let AB C D, be the greater fquare, E F G H, the lefler to be fubftra. 
&ed from the greater, I make the rightangle MN O, and fet off the fide 
of the lefler {quare from the right angle at O to T, then opening the 
Compafies to the fide of the greater {quare, AB, I take the fide 
thereof A B, and fetting one foat of che Compaffes in the point T, and 

with 


eA Treatifeof Geometry. —— 
with the other foot Iinterfe the point Q fo the diftance from Oto Qis a 
the fide of the {quare 1K L C which is the remayner,the leffer fquare be- 
ing fubftra&ted which was required to bedone.. : 


_ Arithmetically. 


Square the fide of each Figure,fubftraGing the fquare of the lefler from 
the fquare of the greater , and of the remayner extract the {quare Root, 
which anfwers your demand. 


; Example. 


Let the fide of the greater {quare AB be20, which multiplyed in it 
felfe fa. 460, and lee the.fide of the Jefler {quareE:F be-twelue, which 
(quared fa. 1 44, and being {ubftracted from 4oe, the greater fquares refts . 
256 whofe (quare Root exeractedis fixteenfor the fide of the remay ning 
{quare, whichis IK, which was required, 


Prob. 4s. 
Another way for working of the fame. + 


N the length of the longeft {quare defcribe an arch ; and let thae 

line be the diameter of the femicircle , then open your compafics 
to the lefler fide , and.feeting one foot of them at the end of the diame- 
rer,with the other cut ehe arch, and from that point of interfeAtionto the 
other end of the diameter draw aline which flailbe thelength ‘of che 
third line , or the fidevof a fquare remayning.,.the other being fub- 
ftrated. 1 


Example, : 


he A Bbee the fide of the grea- 
ter {quare, open your compailes . 
tothe femidiameter of the line, and 
defexibe the femicircle AG B, then 
open your compaffes to the bredth 
ot the fquare to bee fubftraéted , 
and fet it off from B to G, then ., 
draw the line A C which is the fide of the third fquare or remayner; 
which was required. : a : 


Pros 


eee 
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| _ Prob. 46, - yoy, 
To fubfiraét one (Circle from another.” 


= Et Aand B be two ‘circles, 

; the propofition isto fub- 

ftract the lefler from ‘the 
areater,'to doe this and the likesE:: 

_ doe as:to thefquare, that is, I fee 

off the diameter of the leffer circle 

_* Bfrom the end of the greater dia- 

’ meter tothe point E,which is the 

re . .interfection of the arch, then I 
: — draw theliné EC, whichis the diameter of a thitd'circlé containing the , 
| remayne which was required, ~~... ae 


Arithmetically. 


Square the diameter of each circle, fubftra@ing the leffer(quare from 
the greater, and extract the {quare Root of the remayne, which thall be 
the diameter of the remayhing circle’ * ‘* 40% tS 

| " Exansple. ae aha 

Let the diameter of the greater citclebe 20 his fquare is 400; alfothe 
diameter of the leffe fhall be fifteene, whofe {quarc is 225, which being 
fubftracted from qoothe greater: {quare , refts 175. ‘The: {qusre‘Roote ’ - 
whereof is 7175, neere rationall 13 ;, which isthe diameter-of the re- ' 
may ning circle. "7 pa 


Probia7:. 
To fubStract atriangle froma fquare, 


Irft, reduce your triangle into a long {quare, then reduce that long, 
Picue » into the breadth of your other {quare, fo bave you the , 
length and breadth of a {quare to be fubftra&ted, which is perfor. , 
med as followeth. > | 


Example. 


Let ABC Dbeafquare from é‘ aah 
which I would fubftra& the «4 : 

triangle EFG , firft I reduce 
che triang)e into the fquare T F 
GH, then I reduce that long 
{quare into a long {quar,whofe  ,, 
fide is givennamely AB C, I 
findthe breadth thereof tobe 
K F,which fet off from Dto N 


GA Treatife of Geometry. 
and from C to M, and draw theline MN, fothat the fquare CDNM 
is the long {quare anfwerable tothetriangle given, which being fubftra- 
&ed trom the fquare a B C D, leave the{quare A BM N, which waste- 
quired,- | : 

| Arithmetically, 


Caft vp the content of thé fquare, and caftupalfothe content of the 
Triangle, which having done, fubftra@ the content of the Triangle from 
the content of the {quare, the remayner is your defire. 


Example. 


Let the fide of the fquare A Bbeten, the whole content whereof is 
100, and let thefides of the Triangle EF and F G be fix, then thecon- 
tec of it will be found to be eighteene, which fubRtra@ed from £00,refts 
78, which was required. 3 


Prob. 48. 
To fubflrat along Square from a triangle given, 


I Et A B C bea triangle fro which I would fabftraé the long (quar 
DEF G, which I reduce into another long fquare containing 3, 
the fide A C, for his breadth whofe length is found by the fore- 
oing propofition to be L D, which line I draw’ parallel to A C which is 

N P, and cutteth the line A Bin-O,, fo have you the Triangle A C Oc- 

quall to the long {quare given, which being fubftraGted from the Trian- 

gle A B C, then refts the Triangle.C BO, which was required. 


ae re ee eee ree: 


Of Multiplication. 
MV etiplication in Geometric, is nothing elfe , then of lines given to 


*makea {quare, whofearcais called the produé of the Multipli. 
cation. 


Prob; 


or 
ee 
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‘Prob. 49: 


Of two lines gitvento make a fquare by Multiplication. 


i Ettheline ABbegiventobe, = 4 
44 multiplyed by the line C D, C 20 e Ee 
itis no otherwife then to produce G 40 


thelong fquare EF GH, whofe 
area or content is the product re- 
quired , and fo much for Multi-20 fred 80° ye 
plication. : . 


E 40 E 


— pe a ara Orr 


Of Divifion. 


[vifion iso otherthen to know how many times one Figure is 
contained in another, and is wrought after this manner , firfl reduce 

the dividend and divifor, both into one ‘length or bredth , chen by mea- 
furing it with your compaffe, you fhall finde how many times the Iefler 
which isthe divifor, is contained inthe divident, which produceth a 
quotient. | ee ee 
Prob. 50. 


To divide one long [quare by another? 


Lee ABCD bea long a B 
fquare given,and let the pro 
pofition bee to divide the 
fame by the long fquare E F 
GH, firft, i reduce the long 
{quare E F G Hintoa long 
fquare, whofe fideis AB, 7 
and J find itto be KE,then 
I meafure that breadth in ¢, 
thefide E D,and1 finditto — 
bee: contained foure times, 
which is the quotient required, 


Pro, 
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Prob: gi. 
To divide a Circle by a triangle. 


_ J ECA beacircle gi. 
ae Ree ications 
pofition be to divide 
the fame by the trian. 
gleB CD. Firft, let the 
circle A be reduced in- 
toafquare, bythe rg 
| propofition, whofe fide 
D_isfound G H,and foG 
 . .. HIK is the. fquare 
made equall to the circle, then is the Triangle 
_ brought intoa long {quare, whofe length D M 
is equall to the fide of the {quare GH, the 
breadth of the long {quare is alfo found to be 
10 C, which I {et off, in che fide of the {quare 
from Hto 1, whichis found to be contained 


therein five times. 


To performe the Rule of three , or the rule of 
| Proportion. whe! 


He Rule of three is, of three numbers or three fraight lines given, to 
findafourth in proportion , that is fuchaline or number, that may 
beare {uch proportion to the fecond, as theshird doth to the firft. 


| Prob; 525 
Three lines being given to find afourthin proportion. 
Et AB C be thrée lines piven, andler 
the propofition be to finda fourth iny . | 
proportion , firft the angle DE F isx S22 hie 
drawne, thenisthe line A fer from Dro I,° -——— $ 
andthe line BisfetfromDtoK, thenisthe . / 


a 


line I K drawne, afterward I fet che line C 

from D toG, and by the point G is aline i 
drawne parallel tol K, which cutreth theo.. oT 
ther fide of the angle in H, and fo che line G : 
His found to be the fourth line in proporti- é 
on, and as the line A is to the line B, fo is the i H 
line Cto the lineGH, which was required 

to be done. 


;o= asin the performance of thefe Rulesin this Treatife, and 


theix demonftrations,the power of linesis of greatufc, you thal un- 
. derftand 
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arr 


derftand what the power of lines is, which by the third definition of the 


tenth Bookeof Euclide, is {aid to be the fquare thereof , or any plaine §- 


eure equall ro the fquare thercof, as when the ling is in lenpth fue, the 
{quare is 25, fo thatthe power of thie line is faidto be 2 5», becaufe there 
willbe 25 {quares contained within the fame. 


. Prob. 53 
To take any part of the power of aline. 


T° find out any part of the power of aline, is to finda line , whereof 

a {quare being made, the fuperficies thereof, thall beare the propor- 
tion affigned to the fuperticies of a fquare made of a line given,as the two 
given termes bearé one to the other, therefore to take any part or parts of 
the power of a iinc,dec thus. On the linc given defcribe a {emicircle, 
then divide the diameter into as many equall parts as the greater tearme 
given containeth unites, and on fo many parts as the leffer terme contai- 
neth.unites, raife 2 perpendicular, tillit cut inthe arch line, and notethe 
interfeétion in ehearch line} fot from that point to the end of the diame- 
ter, where the part bepanto be numbred, aline being drawne fhall con- 
taine the proportional parts required. - ie 


Example. 

Let A Cbealinegiven, nowthe ~ 
queftion is to find a line that fhall 
bein power sof the fame. Firft, on 
the line A C is defcribed a femicir- * 
cle, then is the fame line dividedin. | 
tocight equall parts (accordingto A 
the number of the greatertermegi- : 
ven) and on five parts thereof (according to the lefler tearme given) is 
raifed the perpendicular B D which cutteth the circumference in B, then 
are the lines A B and B G drawne. Now for that, by the 35 propofition 
of thethird Bookeof Ewclide, the angleBis aright angle; Therefore by 
the 33 Theoreme of the firft of the fame, the lines A B and B Care equal 
in power tothe line A C. : Then for as much, as by the thirteenth of the 
fixth booke of Euclide, the line B Disa meane proportion, betwixt A D 
and DC. Therefore I conclude,thatthe line A Bis £ ofthe power of the 
line A C, and theline B Cis} of the power of theline AC, and in this 
manner you may take any parcor parts of the power of aline, that isa 


greater proportional power given to findea Iefle in any proportion re. 
quired. 


Prob, 


Prob. 29. 
Toinlatge a line in power according to any proportion given. 


Te take any partor parts of the power ofa line;ig to produce’‘a leffe 
line to containe aleffer-proportionall ‘power, fo to inlarge-ailine’in 
power is fo preduce a line to Containc agréater proportionall poweryand 
as the- propofition before was to take of ‘the power of a line : now Hie 
propofition fhal be to make a line in power to aline given,as 5 to 2: Now 
for that the power of the, my 
lineto be produced, muft con-- 
tainethe line piven twice, and 
‘for that 2, is contained: in’ 
5 twice, and 4, ‘Therefore firft) ” 
defcribe-a right angled trian- 
gle; whofe cotdining fides fhal 

be the length of he line givens 
and draw the third line, A al 
which fhall bee double in 4. ..G 3 
power tothe fame line given; then take halfe the power of the line vive 
by the laft propofition before taught, and raife the pat pendicitie ot Hae 
length onthe end of the laft found line;-and.then draw the line which 
ee r ight = ale I ovules by the 33 Theoreme of the 
aft book of Zwclide, to beare that fuperficiall tion to the li 
given,asSdothto2, ~~ ; Dain dct ps Stee: 


D. 


Example. 


Let AB; be the line given, and let the propofition be to ink: 
thatit may have {uch propertion, to tholingowad as¥ to potest 
the perpendicular A D, equallin length to the line given, ehen defcribea 
femicircle on the line given, as A E B, then divide the line given itotwo 
cquall parts, and.on the midft erect the: perpendicular E C, then draw 
the fabtendent line DB, which by the 47. of the firlt of Euclide..is dou- 
ble in power to the line given, then with your Compafles take the length 
one eB. at jie the Sole the line D B, of thefame length as 

,and laftly draw theline D F,which thal r 
ee _ — Bs nie have fuch peionian tothe 


Prob. 55. 


To cus of from a triangle any parts, as ',3,*,0%c, and with a line if- 
fuing out of any angle. Miedo 


Ake 3, i, 3,0 what you pleafe, of the fide o : 

Bis » of ppofite to the anple aflig- 
ned, and from that poiat draw a line to the angleaffigned, fo thal val 
have anew triangle ro retaine the parts required, 


D Example 
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. Example. 

Firft, the; oftheline A B, - e 
being oppolite to C,istaken , | 
or found,which endethin D, . 
and then the line CD, is 
drawne, fois D.C A, 2 of the 
triangle A C B,which was rc- 
quired. q vps Bde 


Arithmerically, 

Let the line A B, be given 42. which is oppofite to the angle affigned; 
now : of 42 is 10 3 which is the diftance fromA to D. then the line 
C D, being drawne, enclofeth the triangle ACD, equall to 3 of the 
wheletriangle given, which will appeare more plainely if you caft up the 
contentofthe whole triangle, which you fhall finde to bee 336. the; 
whereof being fubftratted, which is 84. gives your defire, and is. the 
content of thetriangle C A D, which was required. 


” | ” Prob. 56). 
To.cut off from atriangle any parts swith a linmeif{uing onbof 
er a an angle afigned. ° | 


In meafure the areca 

of the whole triangle, 
then multiply the fide op- 
pofite to the angle affig- 
ned by the parts to becut 
off, and divide the produc 
by the area of the whole p | 
triangle | the quotient aoe DD 4m 84S, 
fheweth bow much you _/ > = 
fhall cut from the line, to makea new triangle, retaining the parts 
required: wf : 


- , Example. , 

Let A BC, be atriangle given, and let the propofition bee to cut off 
84 parts, witha line ifluing from the angle C. and falling on theline A B, 
and making C B, one of the fides of thenew triangle: firft the whole 
content is found to be 336: which having, proceed thus, let 84 bee the 
numerator, and 336 the denominator, which being abreviated thus, 24-: 
+ x, you fhall finde it to be; of the content, then proceed in all refpeéts 
as youdid in the laft propofition,and you thall finde the triangle B CD, 
containing $4 parts of the triangle A B C, which was required. 


Arithmetically. 


Firft, the content or area of the triangle being found to containe 336. 
and the line A B, is 42. then fay by the rule of proportion, as the whole 
| area 


——— nl a 2 
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area is to 42. Bethe he leffer ; area 8 4. toa third number, which will bee 
found tobe Io 5. in the fame parallel, which {er from B towards A, iten- 
deth in D, then draw the line C D, and the triangle BC ” doth « con- 
taine 84 patts,, the thing required, | i: 


Prob. 57; 
Fo cut off [rom froma triangle *3,5, or any other parts. witb A 
parallel to any of the fh sdes afsioneds 


Firk fquare oneof the fi des in which you would have the paraliel to 

~- cut, then worke thus by the rule of proportion; as the greater terme 
given is tothe (quare ofthat fide, fo is.chelefler terme toa fourth num- 
ber, whofe iquare root being extracted, and fet off in the fame line, pa. 
rallel ‘ait other fide, you ‘hall finde a triangle ea the parts re- 
quire | 


+ Exarples ” ; 


tA BC,bea triangle from 
cot is to be cut off with 
aling paralle!'to AG, fo that 
BE, may bee one of the fides — 
that the parallel muft cut; firft 
defcribe a femecircleon the line 
A.B, then. divide the line A B, 
into five equall .parts, acccor- 
ding to the greater terme given,. 
and one three of thof parts the 
leffer ecrme given, raifé'the per- 
pendicularD E, which cutteth — Sats 
thearch linein E,then draw the % 
line BE, and fet it off from B to F,and from F drawa line parallel toAC, 
which cutecth rhe line GB in G, fo the teigngls F GB, is3. of thetrian- 
gle ABC, which was cs il | 


Arithmetically. 


Square the fide CB, which is 34. fa..21 56, which multiplied ey a 
fa. 3468. which d! vided by 5. the quotient is 694; whofe {quare root is 
¥ 693; neere rationall 36 ; which is fet from Btowards C, and endéth in 
G, from whichipoint draw a line parallel to A C, and it cutteth the line 
A Bi in F, fo isthe triangleG B Fz. of the whale triangle, the thing re- 
quired. After this mannet youmay reduce any plot into any proporti- 
on greater or leffer at your,pleafure., 
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Prob. 58. 


To cut any number of meafures from a triangle as 20.40.60.2%¢, * 


ina triangle proportional to the triangle given with a line 
parallel to one of the fides appointed. 


| FF Inft meafure the whole triangle,then fquareany of thofe fides in which 


_ you would have che parallel to cut, thar {quare number soultiply by 
the parts given to be cut off, and divide the produ& by the area of the 


whole figure, out of which quotierit extraé theiquare root, andit fhew- 


eth how much you hall take of chat fide of the triangle, to make a new 
triangle, with which meafures found, worke as in the aft propofition. 


Geometrically. 


Let ABC, bea triangle from re} 


line parallel to the line A C, the 
triangle being meafured & fonnd 
to be 336; put 112 over forthe nus . 
mierator, and 336 underneath for 
the denominator, and abreviating © 
§t, you hall findethe fame to bee 
}.then having defcribed the fe-_ 
micircle on the line AB, divide : 

the line AB, into three equall E — 

parts, and on one of them, ereétthe perpendicular D E, then take the 
diftance from B to E, and fet the fame fromB towards A, which endeth 
in F, by which point, drawa line paralle! to A C, forthe eriangle BG P, 
doth containe 112. which was required. 


Avithmetically. 

Firft, (quare the fide B C, which is 20, fa 400. then fay as 336. isto 
4.00. the {quare of that fide, fois 112. to 133 5- whofe fquare routbeing 
extracted, is » 133 3. neere rationall 11 5. whichis the diftance from B to 
G, fo if you draw from that pointat G, gline parallel to A C, you have 


thetriangle B F G, which containeth 112. which was required. 


. Prob. 59. 
To make theparts cut offin atrapexiums, tfthsre be a proportion 
given, bet weene the parts to be cut off and the swhole figure. 


Vbfiraé the leffer terme given, from the greater,and with the remain. - 


der worke as before is caught.’ 


\ 


Exame 
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: Example, 
Letthe triangle A B C,be given, 
from whence; isto becut offin a C 


Trapezium: firft, on C B, deferibe 
afemicircle, then.diuide C B, into 
five equall parts, and on three of 
them, from B, cre&ta perpendicu- A 
Jar D BE, then ferting one foot of NS : 

your Compafles in B, extend the otherto E, which diftance fet off ftom 
B,towards C, which endethinF, by which point draw a line parallel 
to A ©. fo I conclude the triangle G F B,to containe 3 of the whole,and 
confequently thetrapezium A C F G,doth containe ; of the fame,which 
was required. ; 


Gc 


~ B 


Arithmetically. | 
Firft, taking; fromthe whole, the remainder will bce; then by th® 
rules afore caught, make the triangle G F B, to containe 3. and ehen it fol” 
Joweth, that the Trapezium A G F G,; muft containe . of the whole tri- 
angle, which was required to be done. . 


Prob. 60. | 


To cut off from a [quare any parts aigned, and to make thefe parts 

into atriangle, wherein you muft note that the parts to ‘be cut off 

may not exceed ' the fquare, for if they be, then theremainder 
willl be a triangle. 


"hm worke this, firft draw a Dia- 
gonali liaeto the fquare, that 
being done, the fquare is reduced *R 
into two right angled triangles, _{ 
then may you from cither of thofe 
triangles, which is afhgned, cut off a 
_ any number of meafures therein 
contained, by the rules concerning triangles afore going, either with a 
lineiffuing out of an angle,or with a line parallel toany of the fides. 


Example, 


From the fquare A B C D, lecthere be cut 2 of his area, with a line pa- 
rallel to the diagonall; firft the diagonall B C, is drawne, then muft you 
nore the ; of the wholcis : of the halfe,eherefore the proportion ftandeth 
thus from thetriangle AC B, let therebe cut; with a line parallel! to 
BC, which is found by the 57: propofition to bee the triangle A EF, 
which is : of the {quare A B C D, the thing required; againe, che {quare 
GHIK, being found to be goo, I defire to cut off 150. parts witha line 
iffuing out of the angle K,and falling on G H. 
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The fecond Part, confifting of the menfuratt- 
on of Geometricall Solids. 
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Prob. ¥. 
How to meafure the Soliditie of the Cube. 


Per G 7) Cz, Hecubc is a body comprifed of fixe fquare fuperf- 
Vz = —\ cies being of equall proportion , and 1s accounted 
Top) Woe 3s onc of the five regular bodies, being named of the 
ix) Greeks Exaedron, and is meafured in manner fol: 
CH lowing. 
| Gop Fir having found the fuperficiall content of one 
BEES LL» of the {quares, by the49 propofition of the sfirtt 
book, and mulgiply thar fum by the fide of the {quare,and thatproduceth 
the cube, otherwifemultiply the fidein it felfe cubically , and it worketh 
the fameeffett. - * — 


Example, 

Letehe cube ABC D be given'to bee mea- 
fured, the fides whereof {hall be’fiveinches, the 
{quare whercof is found to be 25 inches,and that 
againe multiplyed by the fide or roor,produceth 
125, which is the content of the cube in inches, 3 
which was required, 


Prob. _ Ze 
How to meafure the Crafsitude of an Oblonge. 


His is performed almoft with the fame facilitic as the precedent, 

i for if you multiply any of the fuperficies terminating the fame. 

» - figure, by one of the fides which falleth on the {aid {uperficies at 
rightangles, it giveth the content required. 


Example. 


et | rr 
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Exa mples 


Let the folide Oblonge bee EF GH, the fide 
of which E Fis fix inches,and the fides F G is foure 
inches,which multiplyed together fa. 24.that mul. 
tiplyed by the length, which is eleven inches, fa.204 41 
for the foliditie of that figure. | 


Prob. 3: 
How to meafure a Rectangular figure being hollow. 


His Figure is meafured as the former , only the leffe (ollid, muft be 
fubftraéted fromthe greater, which leaves the right content, 


Example. 


Let the {quare which is given be QR ST, the 
breadth of QR being eight foot , and thelength 
R S being ten foot, the heigth feven foot, andlee sf 4 
the breadth of the intrinfique of the concavitie V “f° 
X be foure,the length X Y,,fix foor,& of the fame 
beighz with the reft. Firft, I meafure the whole” | 
asa folid , faying,ten by cight makes 80, that a- 
gaine by feven makes 560, afterward I meafure as 
the concave asa folid, faying, fixe by foure is 24, Xn 
which multiplyed by-feven, produccth168, which I fubftra@ out of the 
whole content, and the remayne is your defire. 


Prob. 4. 
How to find out the Crafsitudeor Solid content of 
_* a Cillinder. 
Zirh find out-the diameter, and by the 23 propolition of the firft book 


find out the fuperficiall content of thecircle, that done, multiply that 
fumme bythe length, gives your defire. | 


Examples 


a * =. “ A Treaty} fn, 


Exawaples 


tentof i¢38:, which multipl 
B C which is 12 produceth 462, 
of the whole cillinder, which was required. 


Prob. 5. 
How to meafure the trilaterall figure called rhe Prifma. 


Tes Prifmais terminated with two equall and equilaterall Triangles 
which being meafured by the'21 Propofition of the firftbooke , and 
chat (ummemultiplyed in the length, giveth the foliditie of the fame. 


Example. 


Let the figure given to be meafired be D EF,which 
is terminated with two equilateral Triangles, the fides 
whereof are found to be fix inches, and bythe a1 Pro- 
pofition of the firft, the faperficies willbe 153, which 
multiplyed in the length E F, which is #2 fa. 1875 for 
the wholeconteut. -. | 


Prob. 6. 
How to find the folid congent of a Prifma Trapexiwm. 
ay Lis figure is terminated with two equall Trapezians, fo that finding 
the content of the Trapeziuw by the 33 Propofition of the firit 


booke, and multiplying that fumme by the length, gives the foliditic of 
the whole. 


Example 


ae rath Garin. 
—” Bvample. 


Let the Prefma Trapezium givenbe GHI,the } 

bafesof which are two Trapeziums, equalltocach fA ! 
other, the fides cquall are foure, the leffer fide three, 19) 
and the greater feven , andthe height thereof is sf, fam 
the fuperficies given of thé Trapezium will bee 
found by the 33 of the firft to be 173, which mul- 
tiplyed inthe length whichis s1fa.192iforchefo. 1m 
lid content which was required. 


3 
‘ Prob. 7. 
To find out the (rafsitude or folid content of an 
Exagonall figure. 


Sin the reft fo inthis you muft ficht find out the fuperficiall con- 
rent of the Exagon, comprehending the figure, which multiplyed 
“alin the length giveth the foliditic. 


Example. | 


Let the Figure given bee KLM), the height 
whereof thall be 16 foot, andthe fides of the Exa- 
gon fhall be fix foot , then will the fuperficies of this 
Exagon, bee found by the 34 of the firft to bee 93.3, 
which multiplyed in the length which is 16 fa. 149 
7 for the folidcontent of the Hexagon which was 
required. - — 


Prob. 8. } 


How to meafure the folid content of a concave Cillinder. 
Be meafure the whéle as afolid Cillinder, bythe fourth propo- 


fition of this booke,likewife meafure the concave asafolid , which 
fubftra&t from the whole, leaves the content required, 


Exsmple 
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Example, 


Let the concave Cillinder given bee RS T, the 
diameter of cheexteriour being nine inches , andthe 
diameter of the interiour or concave fhalbe fix inches, 
the length whereof hall bee ten inches, by thei23.- 
propofition of the firft booke the fuperficiall content” 
of the.whole circle will bee found 63 ,2, and the fu- 
perficies of the concaveor Ieffer circle will be found °- 
28:,then multiply the greater 63 2 by ten thelength 
fa. 636 i likewife multiply 285, the lefler fuperficies 
by ten fa.282§, which fubftrafed from the whole 
636% refts 353 +, which is the folid content orbicu. 
lar of the concave cillinder ccquired,and after this manner may you mea- 
fure any of the aforegoing Figures being concavous, or hollow. 


Diam opt 
How to find the folid content of a Cone. 
TT Hisis done by tnultiplying the fuperficies of the bale, by! the 


= third part of the height of the Cone, for every Concissol.a 
= cillinder, confifting on the fame bale,and being of equal height. 


a Example. 

Let the cone given be ABC, the height where. 
of A Cis.twelve,and the diameter of the bafe being 
cen, firft theluperficies of the bafeisfound, by the . 
23 propofitien of the firft to be made 78, , which 
multiplyed by foure, thethird partof the perpendi- 
cular fa.3 14:¢for the folid content. Now it refteth to 
find the perpendicular, which is after this manner, 
firft {quare the fide of the cone which is here thir- 
ecene, fa. 169, likewife fquare 2 the diameter , which 
is five fa. 25 , then fubftra& the lefler (quare fromthe 
greater,fa- 14.4, whofe {quare Root being extradted 
is twelve, the length of the perpendicular required , and after this man- 

~ nerare ali pyramidal! Figures meafured._ , 


) , J ' Prob. 10: 
‘To Jind the Crafsitude or folid content of aSpheare. 


His is done by cubing the diameter , which multiplyed by eleven, 
and divided by 21, gives the folid content, for every cubeis in pro. 


portion to his Spheare, as 21tocleven , every globe is to his cube 
as eleven to 24. 


Example 
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. 2. Example. 

There.is aglobe whofe diameter is fourtcene 
inches, and I defire to finde the craffitude of it, 
Fir I eube fourteen f2:2744, which I'multiply 
by eleven fa, 30184, that divided by twenty one, 
is 1437 ; the foliditic required, to finde the {u- 
petficiall content of any Spheare is only multi- 
plying the diameter by the circumference in this 
example, the diameter being fourteen, thecire 
cumferenceis forty foure, which multiplyed in each other, produce 616 
the fuperficiall contencof the Spheare required. 


The third Part , contayning divers and fundry 
wayes for meafuring Altitudes, Longitudes, and 
Profundities,a{well inaccefsibleas accefsible,fome 
performed Geometrically,fome Arithmetically, 
and other Mechanically,and firft for meafuring 
of Altitudes. oe ; 


The forme of the Geometrical quare with the ufe of it, which 
ferves for meafuring of Altitudes, Longitudes 
and Profundities. 


fide of the {quare muft alwayes ftand parallel to the Horizon, and 

likewife your eye muft comeclole co thé centre, on which the Index 
playeth, if you meafure with a moveable Index;burif you meafure witha 
Thred and Plummet which will alwayes hang perpendicular to the 
Horizon,then it will be contrary ;. but Tapproove of the Geomerricall 
Square, with the Index before the Quadrant; with a plummet,efpecially 
for thefe reafons, firft, becaufe the Square may be fet on any Horizontall 
plane, where the other cannot,and fecondly , becaufe the holding of the 
Quadrant cannot be fo fteady bur ie will caufefore errour, and thethird 
reafon is in regard that this may be ufed as a Quadrant at pleafure , and 
laftly this may be ufed flat when that with a plummet and thred cannot, 
wherefore I approve this as the beft3 For the grounds of this inftrument. 
itis taken from the fourth propofition of the fixth booke of Ewclide, 
where he fayes, that of equiangied Triangles , the fides which are about 
theanglesare proportionall, wherefore I will not ftand upon thar, only I 
willlay downe the forme of the inftrument in the Diagram or Figure 
following, and then willcome to thew the ufe or application of it. 


I: meafuring with the Geomctricall fquare it is to be noted, {that one 


The 
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Sere 


The forme of the Geometrical. Square. 


centre, on which the moveable index playeth. B Da Quadrant di- 


B: andC D being divided each into fixtie equall parts: A being the 
. vided into ninetie degrees and minutes, which is placed within the 
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The ufé of the Geometritall (quare in finding the height of a 
Towre or Caftle which ts acce{sible. ; 


Be: holding one fide of your {quare parallel to the Horizon » with 


ry 


the centre next to your eye , move the index upward, tillthrough 
the fights thereof you perceive the top of the Towre or Caftic, 
then leoke what parts is cut by the index,and what proportion that hath 
to the Horizontall fide , fuch proportion is there betweene the bafe and 


altitude required, . : 


Example. 


ee 
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Example: 


Let there be a towerywhofe height is required, wh’ch {hail bee AB, 
and the diftance from the bafe to mly ftation, 8 C, being 100 yards: to 
worke this, I place my inftrument, with the fide whereon the index ly- 
eth, parallel to the horizon, moving theindex upward, cill it cut in 40 
parts of verfed fhadow, that being done, I fay as 6o the whole fideis yn- 
to 40. theparts cut,{o is roo yards, the diftance B C, to 66}. which \is 
the height required, namely A B, but ifit fallin 40 parts of right (ha- 
dow, then I fay as 40 the fide cut is unto Go the whole fide, fo is the di- 
Rance DB, 44.to the height A B, 66; the thing required. 


— . 
oir 
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By the Geometricall (quare to (inde the height ofany Tower 
: beinginaccefible. 


iG you would take the altitude of any Tower, Wall, or other edifice 
whichis unapproachable, cither in regard of the enemy lying be- 
eweene, or by the hinderance of fome River or Ditch, you (hall proceed 
as followerh. Firft, approach to thencareft and moft convenient place 
for your purpofe, where placing your inftrument, and obferving the 
patts cut in your {quare, you nuft then goc backward in a ftrait line, ac- 
cording to the commodioufnefle ofthe place, and/ make a fecond obfer- 
vation, noting likewife the parts cut in your fquare, which will be either 
on the right or verfed thadow : ifthey fall both on the verled;thadow, 
(which moft often doth happen, in regard of many impeachments)you 
{hall divide the fide of the (quare feverally by the parts cut, and fubftrac& 


the leffer quotient from the greater, and by the remainder, dividethe « 


cerreftriall difference betweene the two ftations,.to that adde the height 
of your eye from the horizon, youhave your defite. -) a. costw dle 
‘Example. 
Let the height be A B, which cannot be approached in regard offome 


river, firft I make choice of a place to fet my inftrument, which is H; 
then raifing the index untill I {ee the top of the tower thorow my fighes, 


I note the parts cut, which is 45 of verfed fhadow, then falling backein 
| E g 
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aftraight line, Imake choice of _ 
another ftation which isten yards “| 
diftant from the firft, and obfer-4F' 
ving there I finde my index tocut | 
in 30. which being done, I divide 
the whole fide of the {quare, 
which is 60. by thefe two fums -' 
feverally, and I finde the one tobe 
1;. andthe other 2.fothateaking | 
the lefle from the greater, the re- “ ~ ; Te) 
mainder is ;. by which number I divide the terreftiall difference of ny 
fations, which is 10. and the quotient is 15. to which additig the heighe 
of my cye from theground, being fiue foot, the whole will bee fixteene 
yards and two foot for the height of the tower, AB. 


Otherwife. 


Take the leffer number of parts from the greater, aad by the remain. 
der, multiply the fide of thefquare, aad that produé pst in the firft 
place in therule of three, the product of the parts multiplied together 
in ehe fecond place, and the diftance of the two ftationsin thethird. 


oe ii Example. 
_, Take 30 from 45. the remainder is 15: which multiplied-by the fide 
of the {quare, which is 60+fa. 900. which produ@ put inthe firt place, 
then multiply the parts together, which is 44.and 30. fa-.4350. for the 
fecond, and the diftance of the ewo ftations, which is eenne yards for the 
third, (othe rule ftandeth thts: ~~ : 
As 900 is to 1350.fois toto 15. 
, 10 


4 '  135(0e 
EZ5(1S . 
gg: vubh | 
So that the quotient being 15. anfwereth the demand, and is the heighe 
of thetower A B,which was required. — . 


Hoe to performe the fame, when the parts cut fallonthe . 
, tight badow. y 


fE the parts cutin cach ftation bee of right thadow, which is very fel- 
dome,fubftra@ che lefler number of thofe from the greater, and put that 


in the firft place in the rifle of three, that fide of the {quare in the fecond, 
and the ftationarie diftance in the third Example. 
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Example, 


Let A B,be the height re- 
guired, and lee the parts cut 
be 30and 55. of right fha- 
dow, fubftra@ the lefler 
from the greater, the re- 
mainder is25. which hall 
be put in the firft place in 
the rule of three, ‘the fide of 
the {quare being 60.inthe ————— 
fecond, and the diftance be- : 
eweene the two ftations which is zo.thall bee'the third, fo the rule ftan- 
deth thus; as the difference of parts cutis to the whole fide, fo is the dif- 
ference of ftations to the height required, or thus, . 

As25 to 60. {0 10to24, 


19 

ro — 
(3 600 

6e8 (24 

25S 
7 


How to take an altisude bythe (quare, when the parss cut are 
of different [hadowes. 


fF the parts cuz in the neareft ftation,be of right fladow,and the fartheft 
be of contrary fhadow, they fhall be both reduced to one fhadow, after 
this manner (quare the whole fide, which is 60. and deuide that produ& 
by the parts, cut off the verfed fhadow, and the quotient fhall give the: 
right fhadow, that being done, fubftra& thelefler fhadow from the grea- 
ter, and the remainder {hall be the firft place in the rule of three, the di- 
flance betweene the two ftations fhall be the fecond, and the fide of the 
{quare the third. | 


Example. 
Let the parts of right and verfed fhadow be both 30. and I defire to 
bring them to be both right; firft 1 {quare the whole fide, which here is 
60, fa. 3.600. that product I devide by the parts cut of verfed fhadow, 
which is 30. the quotient is 120. from which fubftraGting 30- the leffer 
right {hadow, the remainder is go. for my firft terme, the diftance be- 
tweene my two ftations being 21. is the fecond terme, and the fide of the 
fquare the third, for the rule ftandeth thus, 7 
As go is to 21. fo is Goto 14; 

6° 


} 
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Other wife ‘without reducing one [badow to another, 


Nee, the parts cut in cach other, and fubftraG@ the produd& from 
Vache number gathered by multiplication of the fidein it {clfe,putting 
the remainder for the firft terme in the rule of three, the produ of the 
multiplication of the parts, 
touched in the verfed tha. 
dow, by the fide of the 
{quare for the fecond 4 
terme,and the diftance be. 
twceene the two ftations for 
the third. Exampleof the » 
former, wherethepartscut 24 S 
of right fhadow, are 30. and the fartheft diftane as much of verfed tha- 
dow; the difference betweene the two ftations being zy. multiply the 
parts cut in them(elves, fa. 900. fubftract that produé from the {quare 
of the whole fide, which is 3600-the remainder will be 2.700.Which thal 
be putin the firft place in the rule of three; the produat of the multipli- 
cation of the parts, cut of the verfed fhadow by the fide of the {quare 
which is 1800. thall be put in the fecond place, and the diftance beeween 
the two ftations being 21. fhall be the third place,the rule ftandeth thus, 
As 2700is to 1800 {0is 2rto 14. ; 


2I P 
<a areneeen ra] 
1800 a7SCS (14 
3 6.00 2778 
ee x 
3 7800, 


To take the height of a Tower or Caftle,flanding oma bill. 


T° petiorme this, you mutt firft take the height of the hill, at wo fta- 

tions, as a thinginacceffible, & after the fame manner takethe height 
ofthe tower and the hill together, which being done, fubfra@ elt 
height of the hill fromthe whole, the remainder will bee the height of 
che cower, a 


, Example, = 

Let there be the hill E F, on the top of which is ere@ed the Tower 
F G, firft placing your inflrument ae H, obferve the altitude of the hilf. 
F,, and note the parts cutin the {quare, which are éo. that done, goe 
backe to the point K, and there make another obfervation, whichis fond 
tobe 4o. that being done, dividethe fide of the (quare by the pares cut 
feverally, and fubftra@ the lefler quotient from the greater, and by thas 
whichrefts which is sdevide the ftationafy diftance, whichis,20 yards, 
the quotient will be 40 yards,for the height of the hill EF, Now fecing 
K H,to FE, is in Proportion as: tor. in doubling the one and the other, 
the proportion thall be as 1 to 2. by the fifteenth Proportion of the 
fth of Ewclide, fothat K H, being 20F E, thall be 40. 


ts ee ma 
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And confequently 
to have the height 
EG you mutt follow. 
the’ precedent rules 
by taking two obfer. 
vations, the firft be- 
ing at che point M, 
the fecond at O, 
which parts cat, are 
36 and 30. devide ay ml 
them feverally as before, the fide of the {quare, by the faid parts, and 
(ubftrad the lefler quotient from the greater, and-by that whi Nee 
maines, which rs } devide the ftationarie diftance O M, which is cigh: 
tcene yards, and you thall have for the quotient, fifty foure yards, the 
height E G, from which fubftracting the height of che hill E F, which is 
forty, the remainder will be fourteene yards, the height of the tower 
EG, which was required. — : ' C. 


How to meafure all forts of profundities by the faid (quares 


js tricafuring ali forts of profundi- 
ties the {quare muft be placed coatra- 
ry to theaforefaid order uled intaking FE 
ofaltitudes, thatis the fide devidedin ~ "|" 
the fquare,muft be turned downwards, 
whereas before it was upermoft,to take 
the profundity or depth of a Well, 
place your {quare on the top, fo that it 
may ftand horizontall, and likewife 
that fide next your eye may bee cquall 
with the fide of the Orifice ofthe 
Well,then move the iridex,till through 
the fights you {ce the bottome of the 
Well on the oppofite fide to your 
fquare, that done, obferve the parts 
cut in the (quare,which will be of right 
fhadow, and the rule will ftand thus : 
as the parts cut are to the whole fide,fo 
isthe diameter Of the Orificeto the 
depth of the Well. F 
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Example. 


Let the diameter ofthe Well be two yards, and the parts cut being 
found24.I fay, 
As2zis to 60:fois2to 5. 
2 : 


420 ( 
g 
E28 (5- 
aH 
Se the depth found, will be five yards which was required. 


How to take a diftance by the {aid [quare: 


Nthis cafe the {quare muft be held as in the foregoing chapter of ta. 

king a profunditude, but note, that this {erues but for a thort diftance, 
wherefore place your inftrumentas high as you can from the horizontall 
line of your bafe to be meafured; that being done, move your index till 
you fcc the extreame part of the horizontal! diftance at the bafe, and 
note the parts cut in the fquare, which will be in the verfed thadow,theii 
the proportion will bee thus, as the parts cut is to the perpendicular 
height ofthecye from the ba(e, fo is the whole fide of the {quare to the 
diftance ) : | | 


‘s 4 a — ee EB 
| Example. 


Letthere be a River, whofe bredth I defire to know, I makechoice of 
a place for my ftation, where ftanding ona banke, I obferve the fu perfi- 
cies of the water on the oppofite fide of che River, and note what parts is 
cut, which I finde to be qo.then I meafurethe perpendicular height from 
my eye to the fuperficies of the water, and I finde itto be cight foot, fo] 
lay as 40 is to 60. fo is 8 to 12.which isthe bredth of the River required. 


How 
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How to performe the fame by the Quadrant, which ts wrought 
by the {quare, and firft for taking the alticude of a 
Lowre baving the diflance given. , 


IX meafuring by the Quadrant placed on your {quare, you are to hold it 
in all refpects,as you held it meafuring with the fquare, fo that having 
made choice of a ftation, place your inftrument, as 1 have fhewed you 
for taking an altitude ; movingthe index rill you fee the top of that you 
defire comeafure, then obfervethe degrees cut in the Quadrant, which 
being found, the Rale ftands thus. As fine complement of the altitude is 
to the diftance, fo is the right fine to the aleitude required, 


Example. 


Let there be a Towre whole height is required, namely A B, and the 
diftance given B G being a 100 yards, I make my ftation at C, obferving 
with my Quadrant the degrees of altitude, which I finde to be thirty de- 
grees, whofe complementto ninety , or Radius is fixty degrees, then I 
fay thus : ie Ff 

As Sine complement the altieude which isj6o deg-Co. Ar.,0624694 


is to the fide given, which is 100 2,0000000 
So is the right Sine 30 degrees, 9, 69859700 
059% 1, 7614394 


the height required namely AB. 


To find the Altitude of a Towre or Caftle being inacce/sible, 
| by the Quadrant. 


Aving made choice of a place for your firft ftation, obferve the 
Hee of altitude cutinthe Quadrant}, then going backeten 
paces or yards make another obfervation , and note the degrees 

cut, that being done you havea Triangle,in which is giver y 

_ angles 
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thus: peor AM rf : 
Asche Sine of the angle eppofite-to the flationary diftance is to the 
{aid diftance, fo is the angle laft obferved to the Hepothenufall in the firft 
Triangle,which being found, the fecond worke will be thus. 
__ As Radius or the wholeSine being 90 degrees, is ta the Hepothenu- 
fall, fo isthe Sine of the firft obfervation to the altitude required. 


_ Example. 


B 

Let the Towre whofcheight is required, be AB, Imake choice of a 
place for my firft ftation at C where I obferve by my Quadrant, and find 
the altitude to be 45 degrecs,then falling back ward to D, I make another 
obfervation which I find to be 27 degrees, fo have Linthe Triangle A D 
C thethreeangles,the obtufe angle C being the complement of 45 to 180 
which is 135 degrees, which added to.27 degrees fa.16z that fubftra&ed 
from 180 gives 18 for theangle D A C, which being done, 


I fay as Si 18 degrees, 0 com.ar.———— 0,5£00176 
to 10 paw———. -—~—---——1,0000000 
fo is Si. 27 degrees o ~——---—9 65 70468 

to 14 2-——The Hipothenufall AC 1~1670644. 
ww The fecond operation. —__ 

As Radius Si. 90, — 
ToACl, 2 = 1,1670644 

So is Si——4 sdegrees, ———9,8494850 


ey 


=e 


To lox3; fere———: 1, 0165494 thet ee 
which is the height of the Tower A B, 


To find the Longitude or diftance of any place inacce{sible. 
by the Quadrant. ¥ 


S Vepofea Gaftle placed at A, whofe diftance I defire to know in re- 
gard of placing my Ordnance,to make a batrerie againft the fame, Firft 
T make choice of aconvenient place formy ftation , which is B, where 


_ placing 
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placing my inftrument f bring the index tothe cdge or no degree in the 
Quadrant, and ferting it to fome noted piace whichis the point Aythen | 
move about the index my inftrument ftanding quiet till I bring it tothe 
extreame part ofthe Quadrane,that done,! ebferve theline BC inwhich 
[meafure outa hundred yards or at pleafure , then bringing my inftru- 
ment to the point C , I make that my fecond ftation , where I place my 
inftrument, infuch manner that the edge (where the divifion beginnes to 
be numbred, may be parallel to che line B C,turning about the index un. 
till I {ec the point A thorow the fight , thardone, T obferve the degrees 
cut inthe Quadrant, and findethem to befeventy degrees, no minute 
which I note,and fay thus: 
As fine complement BC A feventy degrees no minute., is to BCa 
hundred yards, fo is Sifeventy degreesto BA, the diftance required: 


AsSi 20 degrees 0.Co.Ar._—__—0, 465.9480 
is to 100 yatds ——_-———--___9., gg00000 
fo is Si. 70 degrecs ‘0 ——.____9,9 929858 


to AB 274i, 2438893 38 


To meafure adiftance at one flatien in a Horizontal 
plane, by the Quadrant. 


S Vppote a Ca 
ftleftanding at 


I defire to know; 
Firft, I make 
choice of a place 
for my ftation at 
E, where placiag 
my inftrument 
as high as I can, 
E make obferva- __...i1. 
tion to that part “=== 
of the Gaftle == % - 
which is equall 


ooo spect in 
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, co the bafe of may ftation, which I finde to be ten degrees, nominute, vn- 
der the Horizontall line , and the height of my eye from the ground 
to be eight foot, theRaule ftands thus. 

Asfine complement the angle taken is to the perpendicular height of 
my eyefrom the bale, fo is fine 80 degrees 0 to the diftance which is 
AS sote : 

AsSi.G@ A B 10 Co, At-—— 76032 
Isto 8———— 3993909 
So is Si,80 degreeso ——— 9,99 335 
to 45 2 = ——1,65676 

So that the diftance of the Towre A Bis 47 tes feet which was requi- 

ted. 
To find the Profunditie of anyWell or Ditch by the 
Quadrant. | 

qi: is wrought after the fame manner as the aforegoing propofition, 

by placing your inftrument , on thetop of the Well, and obferving 
the angle cut, from the fuperficies to the bottome , in the oppofite fide of 
the Well cr Ditch, and meafuring the breadth , the Rule ftandeth thus, 
as the fine of the angle cutis to the diameter ofthe Well , fois the fine 
complement tothe depth required. | 

Example. 

Let the Well whofe depth I defire 
to know, beEB GF, whofe diameter 
EB is two yards or fix foot, and obfer- 
ving by my Quadrant, I find the angle 
cut to be twentie two degrees, I defire 
to know the depth namely, EF, I fay. 

As Si.22 degrees 0 co.at.--0,42 64.2 
Is to 6 foot —9,7781§ 

| T0143, ———I—1 173 


yards fere, 


fo that the depth of the Well namely 
EF will be 1422, foot, which is five 


2 
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Having the beighth and diftance given to find the Diagonal, or 
length of a scaling Ladder. 


Hive found the fides by the precedent Rules, {quatre each fide feve- 
rally , then adde thofe tooproduéts , and from that fumme extract 
the fquare Root, which fhall be the Diagonall required. 


Examples 
Let the height of 

the Towre A B bee ot =. 
thirticfoot, and the = [FUN 
diftance from the bafe Ra | < 
of the Tower to my ml Lh Le 
ftation BC thall bee Mt nN 
fottie, thefe two fums ! . 
feverally{quared pro- Al 
duce g00 and 1600,.. fi! 


which being added, 222 =< 
fa,250owhofe {quare = 9 = NMS 

Root being extracted . 

is fiftie , the length of the Diagonall or fcaling Ladder for that place 


which is thefide AC. 


ce: ee rrp 


Divers wayes for taking Altitudes and diftances, performed by 
the plaine table, and fir[tto find che Altitude by the Ru- 
ler on the plaine table. 


Tes Relers whereby all conclufions on this inftrument are performed 

are divers,fome ufing them with ftanding fights, others with afemi- 
circle, and fome with achannell or cover clofe tothe edge, covered with 
a thin plate or board, but the laft moft commonly received is that which 
J mean heere tofpeakeof. Firft having got the Horizontall diftance to 
the bafe, Then the one fide of the Ruler ftanding upon the beginning of 
the divifions, place the other fight on fo many divifions as are the di- 
{tance to the bafe,that done, place the table parallel co the Horizon,which 
is done bya plummet placed on the fide of the Ruler, and having fer the 
Ruler on the Table, and fet the Vane on the further fighe at fome even 
nicafurcs, fomeching neere the vpper end, note the parts whereon it ftan- 
deth, then bring downe the neerer fight to you, till through the hole 
thereof, and the pins head of thefarther vane, you feethetop of the al. 
titude, and chere note the parts cut by the edge of that vane, which parts 
taken from thofe whercon the farther vane ftandeth , Jeaveth a number 
which thall beequall to the height required above the levell of youreye, 
then remove the ncerer vane up againe, till thorow the hole thereof and_ 
the pins head on the farther vane, you {ce the bale of the altitude,and noze 
thefe parts cut for the parts whereon the farther vane ftandech taken ” 


60 eA Treatife of Geometry. 


c 7 he le. 
f the parts cut, fhall be equall to shat pare of the altitude below th 
vell pons eye, which addedto the former fhall make the whole altitude 
required. 


Example. 


Let A Bbeanaltitude whofe heightis required, let C be the place of 
Ration, whofe Horizontall diftance being found twenty one yards. Sup- 
pofe F H to be the Ruler placed on the plane Table, whofe neerer fight 
placed on the beginning of thedivifids is F G,then the farther fight being 
DE, which is placed atfo many divifions, asis the Horizontal diftance _ 
which is heere twenty one yards, then let the farther vane be fet on fixty 
equall parts of the fight, fodoth K L I reprefent the Jine of level! ; then 
ict the neerer vane bee brought downe till through the fight thereof, 
and the point L, you fee the top of thealtieude A , then fuppofe the 
parts cutto bee forty , which taken out of fixty leaveth twenty, for 
that-part of the altitude from Ito A, Ithen bring up the neerer vane, 
till through the fight thereof , and the point L you fee the bale of the 
aititude B fuppofing thofe parts cutto bee 65, from whence ta- 
kingsfixty leaveth 5 for the number of yards from I toB, which sf 
added to the height of I A being twenty fa.25 } for the wholealtitude re. 
quired, the which is thus demonftrately proved. Firft, the angle LEK 
ts equall to the angle LA I by the fifteenth Propofition of the firft of 
Ewclide. Allperpendiculars ftanding or falling upon,or from one line are 
parallel, therefore the linc K F is parallelto theline IA', and therefore 
proportional] thereunto , by.the fecond demonftration of the eleventh 
propofition of the fixth of Zaclide,in like manner might the fecond pare 
of the Work be demonftrated,but that ro the ingenious a word doth (uf. 
fice, and in this manner you may take any altitude or part thereof > Ora. 
ny depth, whercof might be fet downe divers Propofitions , though all 
are to be performed , as isbefore taught by this Propofition , wherefore 
I will not trouble you with prolixitie , only I will thew you in the next 
the ufe of the degree fet on the Ruler. 


Ze@ 
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Totake-an angle of altitude by the degrees feton the Rule, 
pit having placed the table parallel to rhetborizon, by the former 
propofition, then fer the fight next your eye on go degrecs, and the 
other frorii your eye on 45 degrees, and fer the farther vane on the be- 
ginning of degrees: theh is there double regardro bet had, viz whether 
the quantity of the angle be leffe or more then 45 degrees, iflefte, bring 
downeé theVane on the neerer fight, till chrongh the hole thereof, and 
the pinnes head of the farther Vane, you fee the thing defired, then the 
degrees cut by that Vane, fheweth the quantity of the angle. 

But ifthe quantity of the angle be greater then 45 degrees,then lee the 
Vane on the fight next your eye, be placed at 45 degrees, thie fight fill 
ftanding on 90 degrees, and let}the Vane of the farther fight ftand on 
the beginning of degrees as before, then move forwardthe farther fight, 
till through rhe fight of the ricarer, and pinnes head of the farther,you fee 
the thing defired, and then the parts cut by the fight on the fide of the 
ruler, fheweth the degrees anfwering tothe quantity of the angle. 


Example. 


Let there bee the Towre AB, whofe height I defire to know, and 
would finde it by the angle of altitude firft having placed my_ inftru- 
ment and fome knowne diftance,.which I imagine x00 yards, I fet my 
ruler which I dire@to the place afigned, where obferving by my cycs 
| finde it to be an angle under 45 degrees, fo placing my fightsat go and 
45 degrees, I ferthe farther Vaneon the beginning of degrees,and move 
down the nearer Vane,till through the hole thereof, and the pins head of 
the other, Lfee the point A,which done,I obferve the degrees cut bythe 
necrer Vane,and I findethem to be 30 degrees, which is the angle requi- 
red, therulethen ftandsthus: 9% , 
~ As fine complement theangle found is to the diftance given, whichis 
100, foisthe right fine to the altitude required. 7 
As fine F AB, 6o deg. co. ar 06246 
Isto 1K 100 yards, 2, 00000 
So is fine F 30 deg. 9,69897 
- ea eee Ty 976143 


to 57 2. which is the height required, namely A B. 
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‘To take the horizontal diflance from any place afviened to ano- 


ther place within a view, at two flations, 


A tale place from whence the diftance is required to any afiigned 
' Smarke, there placeyour inftrument for your firft obfervation, there 
appoint out fome place for your {econd ftation, being a convenient di- 
ftance from the firft, which ought to bee at leaft ;;. of the required di- 
ftance, otherwife it will makefuch acute angles in the points of inter{e- 


_ ion, as will caule great errour.Thefe things being confidered,and your 


inftrument orderly placed, at your place of ftanding, marke what degree 
the fouth end of your needle doth cut upon the card in the botrome of 
the box, becaufe refpect is to be had there unto all your fecond ftation, 
forthe true erecting and placing your inftrument; in that place. make a 
point upon your paper, which call the center of your firft ftation, from 
which point firft draw aline tothe marke, whofe diftance is required, 
then draw another line to the fecond ftation, which line you fhall call 
your ftationary diftance, and in that line from the point of your firft fta- 
tion, fet offby fome fcale, the meafured diftance betweene the two ftati- 
ons, and maketherea point for your fecond ftation. Then take u pthe 
table, leaving amarke at your firft tation, and carry it tothe fecond fta- 
tion, where having placed the fame in fuch fort, that the pricke of your 
fecond ftation ftand dire&tly over the marke whercunto you looked, 
Lay the edge of your ruler by the ftationary line, turaing about the ta- 
ble till through the fights thereof you fee the marke fet up at your firlt 
ftation; thar done, {crew faft your table, and if you have performed this 
rightly, you fhall finde the needle in the boxe cutting on the fame degree 
it did atfirft, if not, you have wrought falfe; then from ehe point of your 
{econd ftation, drawa line tothe marke required, and note the place 
whereit interfe&eth the firft line drawne, meafuring that-line on the 
fame fcale you meafured the other; and you fhiall finde the right diftance 
required, and in this manner may ‘you take any horizontall diftance 
whatfoever, 
Example: 

Let A Bbeadiftarice required, and lerC be the-place appointed for 
the fecond ftation, which being meafured forty yards, I {et it off from D 
to C,and make that my fationary diftance, that done, I draw the line 
D F, reprefenting the line A B, and removing my inftrument to G, I 
make a fecond obferdation towards B, drawing the line C B, from the 
point of my fécond ftation,to the point 
inter{eCting the line D F; that done, 

I meafure the faid line by the former yg. _ 
fcale, and I finde it to be 93}. for the gi, “eee. 93 
Oe F, being cqualltorhe line AB, es ll 
the diftance required, and theline CE, v~2 cade enosagenemenenss 

is cquall to fhe line @ B, which being ae 

likewife meafured in the fame fale, will 

be found go. the ground of this arifeth from the fourth propofition of 
the fixth of Euclid. , Aft 
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At one [tation or at one placing the inflrument, to give the 
diflance betweense two defred markes. 


Aving placed your tableat any diftance, firt make a point reprefen. 

‘ing your ftation, from which point draw a line to cach (cuerall 
marke, then meafure the diftance to each marke feverally, and fer thofe 
diftances by the fcale upon thofetwo lines, fetting cach diftance on his 
owne line, and from the extreame part of one, tothe extreame ofthe o- 
ther, drawa line, which being meafured on the fame feale, will bee the 
right diftance required, 


Example. 

Let AB, bee twomarkes, whofe di- 
ftance one from the other is required, the 
point C being the place of ftanding, where 
I placing my inftrament, I draw the lines 
C G,and CF, that done, I meafure the 
diftances from my ftation to each marke, 
and findecthe one which is C A, 30. and 
the other CB, 44 3. which I fee off by “ey 
fome fcale inthe lines C G, and CF, “B 
which I finde to bee in G and H, that 
done, I draw the line G H, which meafured in the fame fcale, is found te 
be 26 ; thething required. 


Divers mechanical wates for finding the altitude 
or diftance of any place defired; and firft for fin- 
ding the diftance by the diagonall from the eye 
to the bafe. a . >. | 


Hovp to take a diftance without any inflrument, onely by the 
- ~“brimine of the bat. 


"gas ftreight as you can, that done, ‘pull déwne the brimme of 
your hat untill you fee the bafe from the horizontall fine of your 
ftation, that donc, turne your body about without ftirring your hat,and 
note where it cutteth in the fame horizon, which being meafured, will 
be found equallito the diftance required, for the body being the. center, 
and the brimme of the hat the circumference; arid fecine all the lines 
drawnefrom theicenter to the circumference, are equall;iefolloweth then. 
that thefe muft likewife be equall. is ikas al d leone ‘ 


H: ving made choife of a place for your ftation, ereét your body. 


. Fa oto Example 


eA Treatife of Geometry. 
s Example. 
Let there bea Towre placed at A, whofe diftance is required, firft I ob- 
fervethe horizontall line from my foot, to fome part of the Caftie, which 


.is theline A B, ehat being done, I make B, the center whereon I ftand, 


where erecting my body, I pull downe the brimme of my Hat, untillit 
interfectethin A, that done, I move my felfe about untill I perceive fome 
part of the horizentall plane interfe@ting the brimme of my Hat, which 
is at C, then meafuring the diftance from BtoC, I finde it 100 yards, 
which is equail to the diftance A B, the thing required. 
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How to take adiflance with aioynt Ruler. . 


His differs not much from the other, for in ftead of your body per- 

pendicularly ere&ted, you fhall make ufe of one of thelimmes of your 
ruler, which muft hang perpendicular to the horizon, the other being 
opened to that angle which the diagonall maketh with the perpendicu- 
jar; that done, move about as vou didin the former, and obferveagaine 
what place of the horizontall plaine it cutteth,and to that meafure;which 
is cquall tothe diftance required: 


Example. : 


Let the diftance required be AB, and the place ofmy ftation being B, 
¥ obferve the angle from my ey®, which is at Dto the horizontall bafe at 
B, and moving my inftrument about, I obferve againe where it cuttethin 
the horizontall bafe, and I finde it ro be at C; to which I méafare, and 
findcit 60 yards, which is equall to the diftance required, they being 
bothfemidiameterstoacircle, 

—_ Having 


. 
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Having the diflance betweene two places, to finde the diflance of 
each fron any flavion, performed by {cale and Compaffe. 


L® there betwo trees which are diftant from cach other 2ofoot, and] 
defire the ftationary diftance to cach. Having nade choice of-a place 
for my ftation, with my Compaffes in my hand, [ creé&t my body,exten- 
ding my atme outright,and open the Compaflés cil! fact: time as I fee 
the center of the two places interfected by the points of the Compatle; 
thatdone, I meafure the diftance fr6 my eye to the points of che Compas, 
which t finde to be two foot, and the rule ftandeth thus; As the diftance 
of thetwo points are unto two foot, fois the diftance of the two places, 
from the ftationary diftance, alwaies provided that you place your ftati- 
on proportional tocach, that che center of the ey¢ may pale betweene 
them both in an equall proportion,fo that the Comipafles being opened, 
and found to be two inches, the diftance will bee found 240 foot, the’ 
thing required. The readieft way for performing this,is by.a fcale which 
may be calculated for that purpofe, which to fatisfie the curious Readers, 
Ihave performed, being calculated according to ‘30 inches diftant from 
che cye. Theufe hereafter followeth. : 


The forme of the feale with the ufe of the fante. 


“Tis fcale confafteth of fixe inches long, each inch being devided into 
fixecene equali parts, the ufe whereof is thus; having opened my 
Compaffes, and placed themat 3 proportionall diftance, Tapply them to 
the {cale, obferving what partsinthe (caleit fals in, for fo many timesis 
the bredgh given; contained in the diftance required. iy 
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_ Example. 


_ Let the diftance betweene the two trees in the former diagram bee 
twenty foot, having placed my Compafles at thirty inches diftant from 
my eye, I open them till the pojnts are equall with each tree, that done, 
apply the points of the Compaffe to the fale, ferting one footin the 
end where the greateft number of parts are, and obferve where the other 
foot toucheth, which I finde,to bein twelve, wherefore I conclude that 
the diftance is twelve times more than the bredth betweene the trees, 
which was twenty foot, fothat 20 multiplied by 12..{s, 240. the true di- 
ftancerequired, 9. 5 ve St | ret 


Having the difkatce given to finde the altitude ofa Towre or 
Caftle by the afore going rule, 


L® the diftance given be A B, 240.and the height of the Caftle A C, 
required, firft having placed my felfeat B, with my Compafies in 
my hand, J open them, extending my armeout right, till J fee. the points 
ofthe compaffe equall with the bafe and top of the Caftle which is 
A G,that done, Lobferve by my {cale,the parts that the Compafles ffand 
at, and I finde itas before to be two inches; that donc, the rule ftandeth 
thus, 

As thediftance from my eye, to the poiat of my Compafie, which 
is ewofoot, isto the ftationary diftance, which is 240. fo is two inches, 
the diftance of the points of the Compaffe from each other, to twenty, 
the height required. 
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_ As BE,or BD, aginches 
IstoDE,2 inches, - — 
So.is B A, 240 foot, which reduced. 
toinches, js288o inches, 
to AG, z40inches, which is 20 foot. 


Many more waics I might lay downe, which are mechanical, as thé 
ufe of the cinicall quadrant, with divers others, but I thinke thefe fuffici- 
entin regard they cannot be wrought without errors, wherefore I doc 
not approve of any of thefe onely for delightor curiofity, and partly to 
fatisfic fome of my friends, I have thé rather put ‘them to publike view. 
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SRS TABLES: 
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Forafmuch asf bave fometimes before made mention 
of the Square and /quare Root , F have thought it 
not impertinent bere to adioyn a table of the fquares 
of every number, from to 25000,4nd of the ( ubes 
of every number from 1t0 1000. F cannot at pre- 

ent fhew the ample ufe of thofe Tables in fundrie 
eA lgebraicall, Geometricall, and other M athe- 
maticall Problemes : onely as an introduttion to the 
ufe of them, F bave thought good.to annex thefe 

Problemes following. | 


Prob. I 


To find the {quare of any number not exceeding 
25000, by thefe tables. 


andright againft it in{the fecond colume being the colume of 
Lmof (quares, you have the fquare of that number: 
Thus I find che fquare of this number 6572 to be 43191184. 


Prob. 2. 


Tofind the (ube of any number by thefe tables, not 
exceeding L000. 


Le your number in the firft colume being the colume of Roots, 


L Ooke your sumber in the firft colume of Roots, andagtinfl it in the 
third colume, being the colume of cubes, you {hall find the cube of 


that number. | 
Thus you may finde the cube of the forefaid number, 6572 to bee 


283852461248. 
Prob. 


_ A Treatife of Geometry. 
Prou. 5. 
To find the (quare Redr ofa fquare number noe 


excteding 62500000000, 


ir ee 


hea in the colin of Squares for the number given,and right againit 
it in the firft colunie being the colume of Roots, you have thé root 
of chat number. ; 

Thus I find the fquare Root of this number 43191184 to be 65 72 


Prob. 4. 


To find the Cubicke root of a Cubick number nor exceeding 
~ 1000550000606 by thefé tables. 


Cokeinthe columéof cubes for the numiber propofed , and right 
againft it in the Colume of Roots, you fhall finde the tubit Root 
me thereof, © ayer er | 

Thus you may find thecubick Root of the forefaid number 28385 24 
61248 to be 6572. —~ . 

al 
To find che fquare of a frattion , or of a whole number 
swe having afrathion annexed. 
Eeke inthe Table for the {quare of the Numerator of your fra@ion, 
and fetthat for Numerator , alfo the {quare of the Denominator for 
Denominator. So is this new fraction the fquare of the former. 

But if itbea fra@ion atinexed toa whole number, and you defire the 
fquare of that wliole number afid fraction , redite it into af itproper 
fraction , aiid feeke tlie (quare both of. tlie Numerator and of the Deno- 
minator as is aforelaid. Lo ah Pale 7 


Exawsple. 1: 


Let therebe required thefquare of this fragtion = I find the fquare 
of its Nainerator to bé 43191284 which fet for Numerator ; alfo I find 
the {quate of 8763 the Denominator,to be 76790169 s which I fet for 


4 —— St a ee ope ae BRIOEISS Bat ae lag ( 6572 | 
Denominator; and fol have this fraction [> being the {quart of <=. 


Example. 2. 


Let there be required the (quare of this whole number and fraction 
annexed namely 2764, [reduce it into an improper fraction,and fo itis 
ae whofe {quare will be foundas before tobe *22243¢ 


Probi 
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Prob. 6. 


To find the Cube of a frattion , or of awhole number ba- 
| ving a fraction annexed. : , 


& Ecke for the cube of the Numerator of your fraction , and fet that for 
Numerator, alfothe cube of the Denominator of your fraQtion fet for 
Denominator, fo is this new traction the cube of the former. 


Example. 
Letthere be required the cube of this frattion $2*, I findin the Table 


. 876 
the cube of thé Numerator to be 283852461248 , and thecube of the 
Denomitiator to be 672912250947 therefore I fay the cube of this fra. 


tion $572 1S 283852465 248. 
2763 672912350949 


But if there bea fra@tion annexed to a wholenumber , and you defire 
the cube of that whole number and ration , reduce it into an improper 
fraQtion, and feeke the cube both of the Numerator and Denominator as 
before, aX <i aoe md 


Example. 
Let there bee required the cube of this whole number and fradtion 
2764:, which being reduced into an improper fraction is 7294 whofe 
cube I feeke as inthe former Example and find it to be a 


~ 


Prob. 7. . 
To find the root [quae of a fraction. 


] Ookein the Table for the {quare Root of the Numerator of your. 

\ fraction, and ferthat for Numerator , alfo the {quare Root of the 

sent Denominator, fo is this new fra€tion the root {quare of the fracti- 
on propofed. 


Example. 


Letthere be required.the Root fquare of this fradtion 24% T finde 


the {quare Root of the Numerator to be 6572 andthe fquare Root of the 
Denominator 8763, therefore I fay s, isthe {quare Root of that fra- 
Cien. pean 


| Example. 
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Example, 2, 


Againe, admit there be required the fquare Root of this number 97 3, 
i reduce it to an improper fra&tion, and{oit is ?, now the Root of 82 
will benine and fomewhat more, but the Root of three is more then one 
andleffe thentwo. But forthe more exactnefle of the Root of this and 
other fuch like frattions, you may put both tothe Numeraror and Dee 
nominator, 2,4,6, or 8 Giphers as the Table, will beare, asin this exam: 
ple of *; putting to either fixe Giphers, it wilbe ce) » whofe Root 
{quare we may findas before tobe eos which is the Root of 27 3. 


Prob. 8. 
To find the Cubicke Root of a frattion. - 


TL Indin the Tables the Cubick Root of the Numerator, and fet that for 
Numerator of the Root, alfo the Cubick Root of the Denominator, 

and fet that for Denominator,(ois this new fraction the Cubick Root of 

the former. , - . 


Examples 1. 


As if there were required the Cubick Root of this fra@ion aiassora 
i 72912250947 
We hall find it by the Tables to beasbefore sie 1 dap’ 
Example. 2: 


Againe , ifthere be required the Cubicke Root of this number 2732 
reduce it to an improper fraction, and {eitis 3, and becaufe I cannot 
have exactly the Roots of chis Numerator and Denominator,that I may 
come the more neerly toie,I put both to the Nutherator and Denomina- 
tor 3, 6,901 12 Ciphers, as in this example I put-tocither of them nine 
Ciphers, and fo the fraction is meowooeee whofe Cubicke Root wee thall 
find as before to'be sas 


Prob. 9. 


To find nearely the square Root of anumber— 
not fquare. 


| F you cannot find yournumber whofe {quate Root yondefire in the 

colume of (quares,take the next lefler number, and fer downe the Root 
thereot for the integrall Root of your number, and of the refidue make 2 
fraction thus, fubftract chat number taken out of the Table from your 
number given, and the remayner fet for Numerator, whofe Denomina- 
tor is the forefaid Root doubled, and one added thereto; 


Example, 
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. Examples: 


Aes find the Root fquare of this number 64280306, [find it not 
in the Table, butthe next lefler'is 64272289, whole Roote {quare.is 
Sor7, then I fubftraa 64272289 from 64280306,,-and there-remayngs 
80193 which I makethe Numerator of a fraction, then! double the fore. 
faid quotient, and addeone to it being doubled, and fo it is 16035 which 
I makethe Denominator, and fo thefractionis "7, therefore, the Root 


160 


required is 8017 2017, that is neere 8017: which is nearly the Rootof 
4 7 56035 , ee 


16 


che number propofed. 
Prob. to. 
To find nearely the Cubick R oot ofa number 
not Cubick. 


4 


Akein the colume of Cubes, the number that is next lefferthen 

4 thenumber propofed, the Cube Root of which number {ec down 
for part of the Root required, namely fo much of it as can be ex: 

preffed ina whole number. Then for thefraction, fubftra& the faid num- 
ber taken out of the Table from the number propofed,and the remayner 
fet for Numerator, whereto you may find a Denominator thus. Tothe 
Root before found adde one, and that multiply by the Root tripled,and 
eo the product adde one, and that fet for Denominator! 2°! 6 oes 


Let therebe required the Cubick Root of this number 927337229380, 
I find itnotin the Table of Cubes; but the nextJefle then itis 9271-44; 
591751 whofe Cubicke Roote is 9751. Now for the-fraction J4ub- 
tra& this numberfoundin the Table from the number given, and thege, 
mayner is 192637629 which I makethe Numeratot of a fraction , and 
for the Denominator I adde 1,tothe forefaid Root 9751 sandfoitisggs2 
which I multiply by the triple of the Root,namely by 29253,& the pres 
dua@is 285275256, to which adding onc I have tthe ‘Denominator, and 
fo the fraction is “27537622 therfore I fay the Root required is nearly found, 


1926 7629 
namely 9751 se 


* Prob. - 10. 7 
The Aggregate of the. Squares of two numbers being given, | 
sogecher with the fquare of their balfe fumme, | 
to find thofe numbers. 


1D the fquare of the halfe fumme,and fubftraé it from the fore- 
faid Ageregate,balfe the remayner 1s (quare of halfe the difference ot 
thofe two numbers by the g 2. of Euclhde. Ong 

From 


ee 


numbers. 
Example, 


As let there be given the aggregate of the fquares of two unknowne 
numbers, 104.522 890. and the fquare of their halfe famme 41809156. 
I demand thofe numbers: ' | 

The halfe of 104522890. is 52261445. from which fubftradting the 
fquare 418091 56.there remaines 10452789. whofe-root (qQuare wee 
may finde in the table to be 3233. which, is the difference of the two 
numbers required from tae halfe fumme: and feeing the {quare of halfe 
their famme is 41809156. whofe root fquare is 6466.therctore 6466. is 
halfe the fumme of the ewo numbers required, whercto adding the afore- 
(aid halfe difference 3233. the famme is 9699. or fubftraCting it, the re- 
mainder is 3233- therefore thele numbers 9699, and 3233. are the twa 
numbersrequirced. ~ ; 


a Prob. 14. | 
The aggregate of the {quares of two numbers being given, toge- 


ther with the quare of balfetheir difference, to finde thofe 
_ two numbers. . 


Rom halfe the forefaid aggregate , fubftra&t the fquare of halfe their 
. difference, the remainder is the {quiare of the “halfe:fumme of thofe 
two numbers, by the fame. fi fey! 

As lec there be given the aggregate of the {quares of two unknowne 
numbers, 103407444. atid thefquate of haife their difference 423801. I 
would know thofe sumbers. 

The halfe of 103407444. is 51703722, from which fubfracting the 
fquare,42380r. there remaines 51279921. whofe root fquare we finde to 
be 7161. which is halfe the fumme of the ewo numbers required, and 
fecing the {quare of halfe their difference is 423801. whofe rvot fquare is 
6sr.thercfore 65 tis halfethe difference of the numbers required, chat is 
the difference ofoncof them above the halfe firmme, and of the other be- 
neath, therefore if to the halfefumme 7161. weadde 651. the famme is 
7812 the greater number,or if wefibftradt it,there remains 6 510 che lefler 


Prob, 13. 


The aggregate of the {quares of the balfe [umme, and halfe diffe- 
rence of two numbers given, togerber with one of thofe 
numbers to finde the otber of them. 


PRomthe aforefaid aggregate being doubled, fubftract the (quare of the 
number given, the remainder is the fquare of the other number requit 

red, by the fame, 
G - The 


ene 
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The ageregate of the {quares of the halfe fumme, and halts’ difference 
‘of two numbers let be 51703722. andlet one of thofe numbers be o510. 
1 demand the other ofthem. 

‘The agoregate 51703722. being doubled is 102407444. from which 
fabftraGting 42380100. the {quare of 6510. there remaynes 610273 44. 
whofe root (quare we fhall findein the tableto be 7812. which is the o- 
cher number required. 


Pr ob. | 4° 
T he two fides of a right angled triangle given to finde the 
. byporbenujall. 


Ast the triangle next following, Prob. 16. let the fide CD, bees. 
# Sparts,and the fide B D, 76 parts, there is required the hypothenufall 
BG, 

The {quares of the fides are equall to the fquare of the hypothenu- 
fall by 47.1 Enclid. | 

Therefore the (quae of 65. being 4225. andthe {quare of 76. being 
5776. laddethem both together, the fummeis 10001-whofe root fquare 
is roo. and fomewhat more, therefore I fay the hypothenufall BC, is 
100, parts, and fomewhat more." 


| Pai 15. 
Thehypothenufall and afide gi'ven,to finde the other fide. 


S in the triangle next following, let the hypothenufall BC, ber00 

£ Lonarts, the fide C D, 65. and lerthere be required the other fide BD. 

From the {quare of the-hypothenufall fubftraé& the {quare of the fide 
given, the remainder is the {quare of the fide required. 

Thus the fquare of B C; 100 is 10000. from-which fubftra&ting the 

fquare of CD, 65. namely, 4225. there remaines 5775.whofe root {quare 

is almoft 76. which is the fide B D, required.’ , 


Prob. 16. 


Thethree fides of an obrufe angled triangle being given, to finde 
bow far the perpendicular fals without the obtufe angle. 


FF Rom the fquare of B C, fabftract the (quares , 
~ of AB, and A C, and divide halfe the remain. 
der by AC, the quotient is AD, by the 12 
prop.2 Euclid: ; | 
As let the fide A B, be 80 parts, the fide A C, 
o.and B C,100, and let there be required A D. 
The fquare of A B, 80. is 6400. and of AD, 
4o. the fquareis icoo_ the fumme of thefetwo 
{quares is 8000. which fubftradted from the 
{quare of B C, too. namely from toooo. there 
remaines 2000. the halfe whereofistooo. which 
divided by AC, go,the quotientis. A.D, 25 patts: Prob. 
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Prob. 


The three ics of an acute angled hii, being given to finde 
where the perpendicular fals. 


Rom the furime of the {quares of 
AB, and A C, fabftra&.the fquare 
of BC, and devide halfe the remain- 
der by AC, the quotient is A D, by” 
12. 2 Euclid. 
Aslet the fideA B,be So parts,the fi f de “ 
BC, 40. and A C, 100.and let there be aganea’ D. . 

The (quare of A B, 80. is 6400. the fquare of AC, 100, is 10000. thie 
fume 16400. from which fubftraéting the {quare of BC, 4o. namely 
1600. there remaines 14800. the halfe whercof is 7400: which mie 
by AC, too. the quotient isA D,74.- 


Prob. 18. 
Admit the Jemedianseter of the earth to be 3436. rides, and that 


there is a mountainein beight one mile bow farre may that 
mountaine be feene upon plaine ground or at {ea. 


= ‘ 


 Breto the femediameter of the earth 3436. adding onc mile for the 

height of the mountaine, it is 3437-whofe (quare is 11812969.froms 
which fibttradting the fquare of 34.36- namely 11806096. there re. 
maines 687 3- whoferoot fquareis almoft 83: fo that that mountainé 
may be fecncat fea almoft 83 smiles. 


Prob. 19: | 
Misi the femediameter of the earth tobe 3436 miles, and thas 
there is amountaine feene off atfea 83 miles, 1 demand 
the height of that mountaine. 


gg {quare of 3436-1811 8o6096.the {quare of 83. is 6889.the famme 
of thefe two fquares Is 11812985, whofe root {quare is 3437. ee 
from which fubftraGting the femediameter 3436: there refts x Smiles, 
thatis amileand little more for the height of the mountaine, 


Prob. 20. 
The diameter of a circle given to finde the area of that circle! 


[IS is proved by Archimedes, that the fquare of the diameter of acircle 
is in proportion tothe area of that circle as 14to rr: 
Asletthe diameter ofacirelebe 21 inches, I demand the area of that 
circle. 
The fquare of 21 is 44. I fay then. 
| G2 As 


————. 


Prob. 21. 


+ 


To divide anumber by extreame and meane proportion. 


MVieely the fquare of your giverr number by 5. and devide the pro. 
dué by 4. and from the {quare root of the quotient, fubfira@ the 
halfe of your given sumber, the remainder is che gréater portion, which 
fubftracted froritthe whole, leaveth the leffe pate. 

_ ,fisto divide this ittmber 81 27, fo prc portionally I finde the fquare 
of fttob&Gg537876, which multiplied by 5.the prodactis 330159380. 
which divided by 4. the quotient is 825 :9845: whofe root {quate wee 
may finde to be 9085 53:¢2, from which fubftra@ing the balfe of g127 
namely 4063 ;.there remaines 5027. 2347.the greater part ‘being almoft 
soarzwhich fubftrated from the whole $127, leaveth 3105 223 thé 
leffer part: oh oat pw hon 


Prob. 22; 0 
The diameter of acircle given torfinde the fides of the inferibed 
equilaters triangle, [qnare,pentagon, and décavon, 


LT Rie the fquare of che femediameter, the root {quare of that produ 
is the fide of the triangle; double the {quare of the ferediameret,and 
the root fquare ofthe produét is the fide of the {quare. 

Devide the femediameter by extreame and meane proportidn,the eitas 
ter part isthe fide ofthe decagon, whofe {quate added tothe {quare of 
the femediameter, and of chat totail the root {quare extra&ted. is the fide 
of the infctibed pentagon. Mafter Dig ges of Geometrical follides, whofe 
name is worthy ofrenowne: =. 

. | Example. 

- aslet the femedidtheter ofa circle bee 2100. the {quare thereof is 
4410000; which tripled is 13230000: whofe root {quareis 3637 22:". 
which is the fide of the in{cribed triangle. Againe, doubling 4410000,it 
is 8820000. whofe root [quate is 2969 ;2232. whichis the fide of the in- 
fcribed (quate: ' ‘ai ind 
__ Sundry other problemés of this nature touching thé infcription and 
citcum/{cription of figures might bee propofed, which hete wee paffe 
overs 


Prob. 
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Prob. 23. 


— 


ee 


If 14900 men be put into a {quare Battle, how many 
pill there be in ranke and bow manyin file. 


Find by thefe Tables the {quere Root of 1 49cotabe 123, and there 
| Gc fixtaen, therefore I fay there will be 122 men in rankeand 
as many in file and fixteen men over. 


Prob. 24. 


There is delivered'to the Sergeant Maior 60 Enfgnes , in euery 
Enfigne 160 Pikes , and {bort weapon, The Generals pleafure 
is that be (ball put them in one mayne Squadron, and to arme it 
round with 7. rankes of Pikes, 1 demand bow many Pikes,and 
how many [bort weapons be fball ufe to make the greateft Squa- 
dron, and bow many rankes (ball be in that Battaile, , 


ber of nten delivered to be etibatled, whofe greateft Root {quare 

‘in integers is 97. the number of men in Brontor Flank, and 19% 
men zemaynes, sow confidering the Front of the fhort weapon muft be 
fourteen lefle being armed round with feven Rankes of Pikes , therefore 
fubfraGing fourtcen out of ninety feven, there remaynes eightie three, 
which is the number of che Rasks of {hore weapon, whofe fquar is 6889, 
the number of fhort weapon and that fubftracted from 9409 the {quare 
Battle of ninetiefeven in 4 ranke leaves 2520 the number of Pikes. . 


F< multiplying Fo by fix the prodagtis 9600,whichis the num> 


Prob. 2 5. 


There is delivered to the Sergeant Maier 8500 Souldiers with a 
‘commandment that bee imbattle them in fach fort that euery 
Souldier infront, ftand three foo: diftant from the other, and 
“everyranke from other fevenfoot , and this obferved to frame 
of thefe men the greateft battaile that may bee to make the 
ground {quare; I demand, bow manyin aranke, and bow many 
raukes in that battaile. _ 


Ecaufe the diftance of the Rankeis to the diftance of the Files , as 
B feven to three multiply 8500 the number of Souldiers propofed 
by 3.the produét is 25500 which I divide by feven the quotient is 

3643 almoft,whofe Root {quarcis fixty befides the remayrer which here 
we neglect, whence it appeares there will be fixey Rankes in that battaile, 
which multiplyed by feven, and the produ& divided by three , the quo- 
tient is 140,the number of Souldicrsin every Ranke. nil 
: rob, 
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Experience teacheth that to incampe 6020 Footmen , and £00 
Hor fe commodioufly with roome/ufficient for the fireets, Mar= 
ket place munition,and other occafions,it ts requifte the Campe 
fhould be 640 paces quire. But there is delivered by the Ge- 
nerall 30000 Footmen, and 3000 Horfe. 1 demand what 
feope of ground the Lord High Marfball or Camp-mafter fhould 
appoint to receive this Company lodging them as commodioufly 
as the other. 


Orafmuch as 6600 men require 640 paces fquare of ground, that 
hk: 409600 [quare paces of ground,I fay by the Rule of proportion. 
= As660o0men,to 409600 {quare paces,fo 33000 men, to 2048000 
{quare paces , whofe|Root {quare is betweene 1431 and 1432 paces, fo 
that it appeares the fide of a {quare piece of ground of {ufficient Capaci- 
citi¢ to incampecommodioufly, 33000 men fhould be 1 432 paces. 

Thefe and fundry other fuch queftions fet downe by Mafter T homes 
Digges in his Seratioticos, and by others treating of Military Difcipline 
may aptly andeafily be performed by helpe of thefe Tables whereof it 
fhall fuffice here to have given this tafte, 


Prob. 27. 


" 4 
Of a {hip of 100 tuns be 44 foote long at the keele, of what 
length {hall the keele be of a Ship of 200 tuns. 


Orafmuchas like Solids are in treble the proportion of their cor- 
Pr ctonden fidesor lines, therefore I fecke the cube of 44 and find 
thefame to be 85184. And fay by tle Rule of Proportion; 
As 100 tuns isin proportion to 85 §84.fo is 200 tuns to 170368 whole 
Root Cube is ncare 55 :; the length of thekeele required. 


Prob. 28, | 
Ifa Joip of 100 tins be 4.4. foot long at the keele,of what burthen 
[ball che like foip be whefe keelein length ts 55" foot? 


ey ie cube of 44 is 85184 the Cube of 55 2! is neere as before 1 70368 
I fay then by the Rule of Proportion. ‘ 


As 85184 to 170368 fois 100 tuns to 200 tuns , the burthen of the 
thip required. 


Prob. 


eA Treati[e of Geometry. i al 
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Prob. 29. 


Ifa (hip of 100 tuns be 20 foor broad, atthe mid-fbip beame, 
of what breadth there fhall che like [bip bee 
Of 200 tums, -° | 


To Cube of 201s 80001 fay then by the Rule of Proportion: 
As rootunsto 8000 , fo is200 tuns to 16000, whofe Eubicke 
Root is 25 7 almoft. " 

Or if you wil! workethe fame in inche:,you may reduce 20 fOdt into 
inches fo isit 240 inches, whofe Cubc is 1 3824000,I fay then. 

As 100 tuns to 13824000,{0 1s 200 tunsto to 27648000, whole cubick 
Root 1s almoft 3023 inches, 


Prob. 30. 


If a(bip of 4100 tuns ber20 foot broad at the midbip beame, 
of what burthen fball the like (bip be, whofe breadth 
there is 25 § foot. ; 
ay He cube of 26 is 8000, and the cube of 25 ! is 16003, I fay then. 


As 8000 to too tuns,fo is 16003 to 200 .5 tuns, the burthen of 
that other fhip being moulded in all points like the formet.- 


Prob. 31. 


If afathome of rope of ten inches compaffe, weigh v7 pounds, 
how much will afatbome of 8 inches compaffe weigh, 


He fquare of £0 is Zoo, the {quare of 8 is 64, Ifay then by the Rule 
of Proportion. 
As 100 isin Proportion to 17 pound, fois 64 to 10 = pounds. 


Prob. 32. 


If a fatbome of rope of toinches compalfe weigh 17 ponnds 
of what compalfe [ball the rope be, whereof 1 fa- 
thome weigheth to ,° pounds. 


TH {quare of 10 being r00,and 10 8 reduced into an improper fras 
&ion 2% I fay by the Rule of Proportion. 
109 
ie] 4 roo ~ fe 1088 c 
As % pounds isin proportion to <>, fo is "= pounds in proportion 
to 108800 ; 
_ 2780" * : a s 
Which reduced is 64. whofe Root fquare is 8 inches the compaffe of the 
rope required. 
Prob; 


Sa te ee RE 
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“Prob. 28. 


‘Admit there be a Demisannon having its Bore & *tnches,and 
that it [boot a bullet weighing 32 pounds, I demand 
the weight of that [bot that ferves a Can- 
non of 8 = inches diameter. 
H:: as the cube of the one Diameter is in proportion to thecube 


of other,fois weight of one fhot to the weight of the othersther- 
fore I feeke the cube of 6 jor ~{ and find it to be 32354 @Alo 1 


: 1 = . : ee 
fecke the cube of 8; or 2”:and find it to be 23,1 fay then by the role of 
Proportion, a ii a 
15625 4933 cose a 10061824 i ~ oe Whe At. 

As 885 to Sif is * pound to Sih which improper fra@ion 
: a ; : ‘ 61824 ent : t 
reduced into its integers is 80 <* or So ; pounds almoft. | 

Prébo) 34.ra em" 


Admit a {bot of 3 2 pounds weight ferve a piece,the Diameter 
of whofe bore ts 6 + inches of what Diameter fball 
3 phe bore of that pecce be which {boots 
abullet of 80 pounds, ~ — .° 


He cube of 6 tis 3°5 I fay therefore 
oa 46 Cae 


As 32 pounds is ia proportion to 80; pounds or =, fois SEE eg 


2 


d . up aime . 4 
to 28358:5 whofe cubick Root isnecre § 5 the Diameter of the bore re- 


quired. _— 


- Sundry other queftions of like nature may be refolved in like manner, 
all which together with the more ample ufe of thofe Tables in fundry 
Aleebraicall and Geometricall Problemes I muft at prefene paffe ougr, 
contenting my felfe with thefe few examples here fhewed. 


ys ee 


m .O COON] cv 


oO, 


[| 


64 
125 
5216 
.343- 

313 
729 

1000 
1331 

1728 


ZE97F 
2744 | 


a 


a 
ed 


"3375 


4096 
4913 
5832 
6359 
8000 |. 


19261 
10648 
12167 ~~ 
13824 
15625 


(17576 


19633 
21972 
24389 
270G0 


29791, 
32768 
35937. 
39304 
gi6a5 
48656 
50653 
54872 
‘55419 
64000 
68921, «1 
74083. 
‘F9IS97 
85184, . 
Te) ae 
“97336 
103823 
T105§92 °° 
1119649. 
12500G° 


“000096 


wil.. 


(2061208 | 
1092727 
([:BE24856 


| TEQIOI6G > 


> 4.4225043° 


| 1259712 
1295029 


1 1481544 


| 1560896. 
1601613: 
1643032 
1685159, 


> 21728v00 © | 
| ————> |} 


1 Cent. 
|f930308 - f 


| 2157625 > 


' 
{ 
f 

1 


,¥331000- | 
1367631 | 
1404928) | 
69 484428975 | 


"ate 


1771561. = | 
1315848. | 


178 
179 
ibe 
181 
182 
183 
184 
185 
186 
187 
188 
189 


4913000 | 


34684 


‘32041 
(32761 


33124 


33489: 
33856 


Es 


34596 


34969 
35344 


39721, 
“36100 
36481 
‘$6864 


37249 


37636, 
38025 


38416 


1 38809 
‘| 39204 
| 39601 

* 40000 


53593755 | 


| 9735339 < | 


6331625. | 


4410944: | 


4657463~> | 
4741632" 
4826809... 


5000211 | 
5088448 ! 
5477717; < | 
5268024 P| 


5453776 « | 
5545233" | 
3 639752.> | 


5832000. 
sara | 
60285638 | 


6128487. | 
6229504) | 


ted 
39203 ° 
664.4672 « 
675§1269::. | 
6967871, 

7077888, 

7189057: | 
7301384. | 
742487505 | 
7529536 J 
7945373 ° 
7762392 
7880599. | 
8000600; | 


A 


262 


205 | 42025 8615125 
206 | 12436. |: Saion6 | 
207 | 42849 | 8869743 _ 
208 | 43204 | Bao8o12 | 
| 209 43081 ivbace | 
| 20 fabP°.. 9261000 


ait | 44521 | 9303931 | 
212 | 44944} 9528128 | 
213 | 45309 | 5663597 | 
214 45796 9800344 | 
215 | 46225. | | 9958375. | 
216) 4°¢5° | 10077696 | 
217 47089 | 10218313 
218 eee 10360232 | 
a1g| 4795! | ros03480 | 
wp 2400, ae | 
48841 Soreicn | 
tal 49284 | sonqra4s | 
223 | 49729.| 13089567 | 
224| 50178 | 11239424. | 
ey: 5.0625 © 41390625 | 
226 | 51076° 11543176 

| 11697083. | 
| 11852452" | 
12008989. | 
"12167000 | 


12326391 | 
12487168. 
-12649337 
| 42812904 
1299787 5, 
| 23444256 
13312053: 
-}-13481273) 
13651919 
| 13824000 


249 | 62001 iprsaae p49 
259 62500 (215625000 » | 


Cu.’ | 


115813251 | 
16003008 | 
16194277 | 
16387064: | 
16581375 _| 
16777216. | 
16574593 | 
17173512 | 
17473979. | 
| 17576000. | 


17779581 
17984728 | 
18191447 
18399744" 
18699625 

18821096 | 
1 19034163, | 
| 19248832 
19465 109 

19683090. | 


19902511 | 
+}. 20123648 | 
20346419 |. 
| 20571024 | 
20796875 | 
“| 21024576 | 
; 21253933 
| 21484952 | 
21717639. 
2395 7e | 
(| 2218804r | 


23149125 
£23393656 | 
"| 23539993 | 
: 23897872 | 
| 24137569 | 
Bas Bs 
jt {24642071 | 
424897088 | 
'25153797 | 
| 25412184" | 
25 |:25672375 | 
125934336 | 
{26198073 | 
26353592 | 
26730899 | 
+ 27000000 ! 


$287 5000 - 


-3 Cent. YT 3Cent. — 
ete reve ec A SSC A 
.{- Sq. Cu. | j Re. Cu. 
90601 | 27270901 43243551 
91204 | 27543608 | 43614208 
91809 | 27818127 | 43936977 
92416 | 28094464 | 44361864 - 
93025 | 28372625, | 44738875 
93636 | 23652616 | © 45118016 
94249 | 28934443 | 45499293 
94864 | 29218112 | | 45882912 
95431 | 29503629 | 46268279 
96100 | 29791000 49656000 
96721 30080231 47045881 
97344 | 30371328 | 47439928 
97969 | 30664297 | 47332147 | 
98596 | 30959144 | 48228544 
99225 31255875, 133225 | 48627125 
99855 | 31554496 | 56°) 49027896 
100489 | 31855013 | 49430863 — 
JO1124 | 32157432 | 49836032 
101761 } 32461759 | 30243409 
102400 | 32768000. | 136990 | 50653000 © 
103041 33076165 51064811 , 
103684 | 33386248. | 51478848 
10432 |'33698267 | 51895117 
104976 |.34012224 | 6 | 52313624 
105625 | 34328125, 5. | 32734375 
106276 |.34645976 6 | 53157376 
1069219 | 34965783 53582633 
107584 | 35287552 54010152 
108241 |: 35611289 54439939 
108900 | 35937000 | 54872000 
109561 | 36264694 | 55306341 
110224 | 36594368 | 55742968 
T10889 | 36926037 | 56181884 
11556 | 37259704 56623104: 
112225 | 37595375: | 97060625, 
6) 112896 | 37933956 | 57512456 
37 | 113569 | 38272753: 57960603 
114244 | 38614492- 58411072: 
11492% |,38958219: : §8863869° 
| 115600 | 39304000- $931 9000 
rr6a0k | 39651821- ' §$9776471 
116964 |: 40001688: 6023628 
117649 | 40353607. 60698459 
118336 | 40797584: 61162984 
1igozs |-41063525 6r6ag875- | 
T1971 6 |c4t4231736- 62099136 
120409 41781923: | 62590992: | 
8] 127104 [427441 92: | 62044792 | 
‘ger8ot 142508549 63521199 | 
722500 


16000 | 64000060 


5 Cent 5 Cent 
Sq. ;° Cu 


760801 | 64481261 | 
161604 | 64964808 
1624.09 | 65450327 
163216 | 65939264 
164025 | 66430125 | 
164836 | 66923416 | 
165649) 67419143 | 
166464 | 67917312 | 
167281 | 68417929 | 
168100 | 6892 1000 


A5t | 203401 | 91733854 | 
452 | 204304 | 92345408 | 
| 453, | 205209 | 92959677 | 
454 |206116 | 93576664 | 
455 | 207025 | 94196375 | 
456 | 207936 | 94818316 | 
457 | 208849 | 95443993 | 
1.458 | 209764 | 96071912 | 
459 |210681 | 96702579 
460 | 211600 | 97336c00 | 
| Gor |2aa5ar | 97972181 
| 462 1213444 | 99611128 
463 214369 | 99252847 
404 |215296 |. 99897344. 
216225 100544625 | 
217156 | 101194696 
218089 101847563 
219024 | 102503232! 
219g61 | 103161709 
220900 see 


ee 
poe fee ty, ————  j 


411 | 168921 | 69426535 | 
| 169744 | 9934528 | 
4 170569 | 79444997 | 
171396 | 79957944 | 
172225 | 71473375 | 
173056 | 71991296 | 
173889 | 72511713 | 
174724 | 73034632 | 
175562 | 73560059 | 
176400 | 74038000 


i7pa4i| 74618161 | 
| 178084] 75151448 | 
1 178929] 75686967 | 
179776) 79225024 } 
180625 76765625 | 
181476 77308778 | 
77954433 

78402752 
78953589 

79507080 


‘| 109215352 | 
109902239 | 
110592000} 


185761 0062991 231361 111284641 
186624 | 80621568 232324 |111980168 


$118273> | 


188356 | 81746504 234256 | 113379904 
189225 | 82312875 235225 | 114084125 
190096 | 92881856 236196 | 114791256 
190969 83453453 237169 | 115501303 
191844 | 84027672 238144 |.116214272 
192721 | 84604519 239121 -| 116930169 


35184000 


85766121 
36350888 
86938307 
87528384 
88121125 
8871653 

89314623 
89915392, 
90518849 
91125000 


125000000 


‘| 251001 
252004 
253009 
254016 
255025 
256036 
257049 
255054 
7 | 259¢.81 
260400 | 


261121 
262144 
263169 
264196 
2.65225 
266256 | 
267289 
‘| 268324) 
269361 
270400 | 


| 271441 
272484). 
273029, 
274578, | 


276676 
Eee ge, 
3 | 278784): 
| 529] 279841 
280900 
281961 
283024 
| 284089 
| 285156 
236225 
287296 
288369 
289444, 
290521 
291600. 
292681 
| 293764, 
294849 
29593), 
297025 
298116}. 
299209 
300304} 
| 301 401 
302500 


275625 | 2447 


125751508 | 


126506008 
127263527 
128024064 
128787625 
129554216 
130323843 | 
131096512 | 
131872229 | 
13265 1000 


133432831 | 
134217728 | 
135005697 
135796744 | 
EPS 
137338006 | 
138 188413 

138991832 | 


139798359 | 


141420761 | 
142236648 


145531576 | 
446363183 | 
147197952 | 
1480358809 | 
148377000 | 


149721291 | . 


150568768 | 
151419437 
152273304 | 
153130375: | 
153990656 | 
154854253 
155720872 | 
156590819. 
157464000 
158340431 
159220088 
160403007 
160989184 
161878625 
162771336 


163667323 


164566592 | 
165469149 
166375000 


4 


167284151 
168196608 
169112377 
170031 464 
179953875 
171879616 
172868683 
I73741112 
17467 6879 | 


175616000; . 


176558481 

177504328 
173453547 | 
1793061 44 | 
183 262125 
181221496 | 
182154263 | 
183150432 
184220000 | 
185193000 | 


196142941 | 
1997137368 


198155287 


199176704 
200201625 


201230056 


202262003 
| 203297472 
‘| 204336469 


205379000 


31:|'296425071 


207474688 
208527857 


.| 209584584 | 
>| 210644875 


211708736 


212776173 


213847192 


4 214921799 


216900000 


 -9 Cent. 7 Cent. , 
“JP + | EEE ye. 
R.j Sq. Cu. . | Re} Sq. pe Cu. 
601 361201 | 217081801 | 651 | 423801,| 275894451 
602 | 362404 | 218167208 | 652 | 425104) 277167808 
603 | 33609 | 219256227 | 653 | 426409 | 273445077 
604 | 364816 | 220348864 684 | 427716 |.2797262 64 
605 | 366025 | 221445125 655 | 429025 281011375) 
606 | 367236 | 222545016 | 656 | 439336 | 232300416) 
607 | 363449 | 2236485 43 | 657 | 431649 | 283593393; 
608 | 36.9664 | 2247557121 658 | 432964 | 284890372 | 
609 | 370881 | 225866529 | 659 | 434281 | 286191179 
610 | 372100 | 226981000 | 660 | 435609 | 287496000) 
611 | 373321 | 228099131 661 | 436928 | 288804787 | 
612 | 374544} 229220928 | 662 | 438244 | 290117528 
613 | 375769 | 230346397 | | 663 | 439569 | 291434247 | 
614 | 376996 | 231475544 | | $64 | 440896 | 292754944 | 
615 | 378225 | 232608375 | £95 (7825) 89 107 9URS | 
616 | 379456 | 233744896 | 666 | 443556 | 295408296 
617 | 380689 | 234885 £13 | 1 44.4889 | 296740963 
618 | 381924 | 236029032 | | 446224 | 298077632 | 
619 | 383161 | 237176659 | 1447561 | 299418309 
620 | 384400 | 238328000] 570} 44.8900 | 300763000) 
621 | 385641 | 239483061 | 7 | 450241 | 302r117 11 | 
622 | 386884. | 240641848 | : 451584 | 363464448 | 
623 | 388129 | 241804367 | 452929.) 304821277 | 
624 | 389376 | 242970624} 11454276 | 306182024 | 
625 | 390625 | 244140625 | 675 | 455625 | 307546875 
626 | 391876 | 245314376 | 456976 158915776 | 
627 | 393129 | 246491883 | | 458329 | 310288733 | 
628 | 394384 |24767315a 45 9684 | 311665752 | 
629] 395641 | 248853189 461041 | 313046839 | 
630 | 396900 | 250047000 462400 | 314432000} 
31 | 398161 | 251239591 46376%-| 315821241 | 
632 | 399424 | 252435968 | 4651241 314214568) 
633 | 400689 | 253636137 466489 | 318611987 
634 | 401956 1254840104 | 467858) 320013504 
635 | 403225 | 256047875 685 | 469225 | 3241419128 | 
636| 404496 1257259456. 470596 332828856 
637 | 405769 | 258474853 7 | 471969} 334242703 
638 | 497044 | 259694072 | 473344) 325660672 
639| 408321 | 260917119 39 | 474721) 327082465 
640 409600 262144000 | 476100] 328509000 | 
641 410881 263374721 479451 2953.9 371 | 
642 | 412164] 264609288 478864 B78 
643 | 413449 | 265847707 4808 491'3323125§7 
644| 414736 | 267089984 4816361°334255384 
645 | 416025 | 2683361 25 695 | 483025 1°335703375) 
646) 417316 | 269586136 G96-| 484418] 1337 153536 
647) 418609 | 270840023 |. 6.97 485805} 338608873 
648) 419904 | 272097792 } | S98" 487 204) 340068392 
649| 421201 | 273359449 | $99. 488601 341532099) 
650 274625000 343000000] 


422500 


| 700." "499000 


dg14ot 344472101 | 
492804 345948408 
494209 347428927 | 
495616 348913664) 
497025 


315524 3701 46232 | 
516961 | 371694959 | 
518400 37 3248000 | 


519841 | 374805361 | 
521284 376367048 | 


525625 | 371078125 | 
5277976 | 372657176} 
528529 | 374240583 | 
529984 375828382 | 


532909 | 389017000 | 


534361 | 3906178691 | 
535924 , 392223168 | 
537289 393832837 

1 538756 | 395446904 | 


735 | 540225 | 397055375 | 


541696 398688256 | 
543169 400315553 | 
544644 | 401947272 | 
§46121.1 403583419 
547600 405224000 | 


1 552049 410172407 | 
553536 | 411830784 


564001 
565504 
567009 
568516 


259. | $79025 


571536 
573049 
574564 
576081 


769 | 577600 


579121 
580644 
582169 
583696 
pink | 
536756 
538289 
589824 
591361 
592900 


594441 
595984 
597529 
599076 
600625 
602176 
603729 
605284 
606841 
608 400 


781 | 609961 


611524 
613089 


| 614656 


616225 


| 617796 
| 619369 | 


620944 


| 622521 


624100 
635681 
627264 
6288.49 
630436 
632025 


| 633616 


635209 
636804 
638401 
1640000 


Cu. 
423564753 | 
425259008 
426957779 
423661064 
430368878 
432081216 
433798093 
435519512 
437245479 
438976000 | 
4407 11083 
442450728 
4441949 45 | 
445943744 | 
447697 125 | 
449455006 | 
451217663 | 
452984832 | 
454756600 | 
456533000 | 
458314017 
460099648 | 
463684824 | 
467 484395 | 
467288576 
469097433 
479910952 
472729139 | 
ea 
4763795 41 | 
478211768 
4800 4868 | 
481890304 | 
483736625 
485587656 
487443403 
439303872 
491169069 
493039000 | 
494913671 | 
496793088 
498677257 | 
5005 66184 | 
502459875 
504358336 
§06261573 
508169592 


- $10082399 


5 12006000 


R.{ Sq: | a. 
Sor | 641601"} §13922401 
| 802 | 643204 | 515349603 
| 803 6.44899 | 517731627 
Boa | 646416 , 5197138464 
805 648025 | 521660125 
| $06 | 649636 , 523606616 
B07 | 651249 | 525557945 
808 | 652864 | 527514112 
Bo9 | 954481 | 529475129 
SH OpRa ISIC uA TOO 


er 


Sra | 057721 | 533411731 
Si2| 959344 | 535387328 
813 | 660969! 537367797. 
Bia | 662596 | 530353144 
815 | 664235 | 541343375 | 
816 | 665856 | 543338496 
817 | 957489 | 545338513 
B18 | 669124 | 547343432]: 
819 | 670751 | 549353259 
820 | 672400 | 551368000 
S21 | 74041 | 553387661 
822 |.675684 | 555412248 
823 | 677329 | 557441767 
824 | 673975 | 559476224 
Bag | 6806a5 | 561515625 
826 | 682276 | 563559976 
827 | 683929 565 609283 
828 | 685584 | 567663552 
829 | 687241 | 569722789 
1830 | 688900 | 571787000 


831 | 6905 61 57305679! 
832 | 692224 | 575930363} 7 
833 | 693889 | 578009537 $83 779689 


$61 | 741321 | 638 
862 | 743044 

863 | 744769 
864 | 746496 
865 748225 
866 | 749956 
867 | 751689 
868 | 753424 
869 |755161 
879 | 756900 | 
S71 | 758641 |. 
872 | 760384) 
853 | 762120) 
874 | 763876 
876 | 767376" | 
877 | 769129 
878 | 770884 
879 | 772643 
880 | 774400 


| 88x | 776161 At 


1834} .695556 | 580093704 | 884 | 781456 | ¢ 
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24601600 
24611521 
| 24621444 
2463 3369 


| 246§ 1225 
24661156 
‘| 24671089 
24684024 
24690961 
24700900 
24710841 
‘| 24720784 
| 24730729: 
24740676 
4975 | 24759625 
| 24760576. 
‘24770529 
8 | 24780484 
24790441 
24800400. 


24810361 
24820324. 
24830289, 
24840256 
24850225 
24860196.|. 


| 24880K4.4. 
24899121 
24900100 


24910087 |. 


24920064: 
2493004. 9- 
24940036. 

| 24950025: 
24960016 
24970009 
} |. 24980004, 
24990001 
} 250G0000. 


24641296 | 


Cu. 
121360897351 | 
121434449408 
123508031197 
121581642664 
123655283875 | 
121728954816 
121802655493 | 
121876385 912 
121950146079 
522023936000 


122097755631 
1221716051 28 
122245 434347 
122319393344 
122393332125 
122467300696 


122541299063 


¥226 15327232 


422689385209 
142763473060 
222837590611 
| 122911738048 | 


422985915317 
123060122424 
123134359375 


423208626176 


123282922833 

123357249352 
123431605739 | 
£2350599Z000 | 
123590408241 
123554854168 | 
F23729330087 |. 
123803835904 
12387837 1625 


123952937256 | 
24870569.) 
124102158272 | 
: 124176813669 | 


124027532803 


124251499000 | 


sym eminenenmainead 
124326214271 


(12440095 9488 
124475734657 | 


124550539784 
124625374875 | 
124700239936 


124775334973 


124858059092 


124925014999 


1250@G000009 


5 M. si 5A 
rR. ;__ 84 Cu. RB. | 'Sq. "jana. . 

5c01 25010001 | 125075015091 §.051|.25512601 | I Tasequgest | 
502mm 9904 125 150060008 5052| 25522704 | 128940700608 | 
5003 25030009 | 125225135027 5053 25532809 129017283877 
5004 25010016 | 125300240064 50541 25542916 "129093897464 | 
a05 | 25050025 | 125375375125 105 yf ego 9 | Sap 7 954 ye 
5006 | 25060036 | 125450540216 5056 | 25563136 | 129247215616 | 
5007 | 23979049) 125525735343 5057 | 25573249 | 129323920193 
5008 25080064 | 1256009605 12 5058 | 25583364 129400655112 
8009 25090081 | 125676215729 5059} 25593481 | 129477420379 
5010 | 25100400 | 125751501090 5060 | 25603600 129554216000 
Sons | 25110121 | 125826316334 S061 | 25613721 | 129631041981 
5012 | 25120144 125902161728 5062 | 25623844 | 129707898228 
§013 | 25130169 | 125977537197 5063 | 25633969 129784785047 
5014 | 25140196 | 126052942744 5064 | 25644096| 129861702144 
§015 | 25150225 126128378375 75 5065 25654225 129938649625 | 
5916 | 25160256 126203844096 5066 | 25664356) 13001562 5627496 | 
S017 | 25170289 | 126279339913 5067 | 25674489] 130092635763 
5018 25180424. | 12635 4865832 §068 | 25684624} 130169674432 | 
5019 | 25190361 | 126430421359 5069 | 25694761| 130246743509 
5020 | 252004c0 126506008090 §070 | 25704900 13032 3843000 | 
S021 | 25210441 | 126501624261 5071 | 25715041 130400972911 
5022 | 25220484 | 126657270648 5072 25725 184 |. 130478133248 | 
§023 | 25230529 | 126732947167 | 5073 | 25735329 | 130555324017 
5024 | 25240576 | 126809652824 | 5074| 25745476) 130632545224 
5025 | 25250625 | 126884390645 5075, oes) 130709796875 
5026 25260676 126960157576 5076 25765776 } 130787078976 
5027 25270729 | 127035954583 5079 | 25775929 130864391533 | 
5028 | 25280784 127111781952 §078.| 25786084) 130941734552 
§029 | 25298841 | 127187639389 5079 25796241 131019108039 | 
3530 25300900 | 127263527000 5080! 25806400] 1310955 12000 | 
5031 25310961 | 127339444791 io) 25816561 | 131173946447 | 
§032 | 25321024 | 127415392768 308 aes 131251411368 
5033 | 25331089 | 127491370937 . hie 131328906787 | 
5034 | 25341156 | 127567379304 84) 25847056 | 131406432704 | 
5035 | 2535 1225 127643417875 bie bs 131483989125 
5036 25361296 | 127719486656 6 25867396 131561576056 | 
5037 | 25371369 | 127795585653 | 25877569 | 131639193503 
5038 25381444 | 12787171 4872 25887744 131716841472 | 
§039 | 25391521 | 127947874319 ) 25897921 | 131794519969 | 
5049 25401600 128024064000 25 908100 1318722290900 | 
5041 2541 1681 128100283921 | 35918281 131949968571 | 
5042 | 25421764 128176534083 125928464 132027738638 | 
5043 | 25431849 | 128252814507 25 938645) 132105539357 | 
5044 | 25441936 | 128329125184 | 25948836 138 183370584 | 
5045 | 25452025 | 128405466125 25959025 | '132261232375 | 
5046 35462116 128481837336 25969216] '132339124736 
$047 | 25472209 | 128558238823 "25979499 | 132417047673 | 
5048 | 25482304 | 128634670592 B | 25989604 | 132495001192 
5049. 25492401 | 128911132649 y'| 25999801 "132572985299 | 
5950 -26010900 13265 1000060 | . 4 


25502500 


ae 


e 


- -— -_ 


+ a a — eee = See - == 


ae 


_ «§$ -_ 


te 
= Dr ery & 


Cu. 


—— 


136670457951 
13675007 1808 
136829716577 
136909392264. 
136989098875 
137068836416 
137848604895 
137228404312 
137303234679 
137338096000 


1374679582814 
137547911528 
137627965747 
13770735 0944 
137787867 125 
137867914296 
137947992463 
138028101632 
138108241809 
138188413000 
138268615215 
133348848448. 
138429112717 
138509408024 
13859734375 
1386709 91776 
138750480233 
¥ 38830899752 
13891135 0339 
138991832009 


139072344741 
139142868,68 
139233463487 
139314065504 
139394706625 
139475374856 
139556074203 
139636804672 
139717566269 
139798359000 
139879182871 
139960034868 
140040924057 
140121841384 
140202789875 
140283769536 
140364780393 
140445822392 
140526895599 
T40608op0006 


325° 


27562500 


144703125906 


5M. 20. gM 20C. 53 
eS eee Sq fe Cue | 
5201 | 270504 01 140689135 601 27573001 | 14478582825; | 
5202 | 37060804, 140770302408 27533504. |°144808562008 | 
5203 | 27071209 | 140851500427 27594009 |° 844954329277 | 
5204 27081616. 1409327 29664 27604516. 145034127064 | 
er) TOR O2 pk ee Ho LEN 25 | 27615025'|_ 145116956375 | 
$206 27102436 | 141095281816 27625536 145 196817216 
_§207 | 27112849 | 181176604743 27636049 |'-1453847095 93 | 
5208 | 27123264 | 181257958912 27646564 | 145365633512 | 
gz09 | 27133681 | 181339344329 27657081 }.1454485 88.979 | 
fa nO'| 277441 Oey 2404207 CuoND 27667600'} 145534576600 | 
211 | 27154521 | 141502208931 27678 F2% | 145614594581 | 
dere 27164944 | 141583 688128 | 27688644 '|' 145697644728 | 
5213,| 27175369 | 141665198597 2769916 9'| 145780726447 | 
5204 | 27185796 | 141746740344 27769696 | 145863839744 | 
yang | 27196225 | 141828313375 BUMIO2? + °F HFOIE 9B 4825 | 
5216 27206656 14.1909917696 27730756 | 146030161096} 
gatz | 27217289 | 1419915953313 27740289 | 146113369163 
5218 | 27227524 | 142073220232 -27751824.\| 146196608834 
5219) 27237961. | 14215 4918459 27762361 | 1462798801095 
§220| 27248400 | 142236648000 27772900 | 146363183006 
S221| 2725884x | 142318408861 27783444) 1464465 17511 | 
5222| 27269284 | 142400201048 | 27793984] 146529883648 | 
§223| 27279729 | 1424920245 67 | 27804529 | 146613281417 | 
5424| 27290176 142563879424 | 27815076 1466967108 24 | 
§225| 27300625] 142645765625 5275 | 27825625 )| 146780171875 | 
$226 27311076 | 142727683176 | 27836176 146863664576 | 
5227 | 27321529 | 142809632083 27846729) 146947188933 | 
" §228'| 27331984 | 1428916 12352 | 27857284) 147030744952 | 
5229 | 27342441 | 142973623989 | 27867841) 147114332639 
-§230 | 27352900 | 143055667000 27878400) 14719795 2060 | 
5231 | 27363361 .| 143137741391 27888961 | 149281603041 | 
5232 | 27373824. | 143219847168 27890524 |'147365285768 
5233 | 27384289 | 143301984337 27916089 | 1474490001 $7 | 
5234. | 27394756 | 143384152904 27920656 | 147532746304 
5235 | 27405225 | 143466352875 27934225 | 147616524125 
5236 | 27415696 | 1435 48584256 27941796'} 147700333646 
5237 | 27426169 | 143630847053 27952369 1147984174503 | 
5238 | 27436644 | 143713141272 | 27992944) £47868047892 | 
3239 | 27447121 | 143795466919 27973521.) 147951952569 | 
3240 | 27457600'| 143877824000 27984 100'|'148635889080 | 
5241 27468081 | 143960212521 | 27994681:) 148119859771 | 
3242 | 27478564. | 144042632488 180059264 [148203857088 | 
§243 | 27489049 | 144125083907 28015849 | 148287888759 | 
$244 | 27499536 | 144207566784 28026436" | 148378952184 | 
5245 | 27510025 | 144290081125 5295 | 28037025 | 148456047375 | 
5246 | 37520516 | 144372626936 28047616 | 1485 40174336) 
5247 | 27531009 | 144455204223 28058209 | 148524333073 | 
5248 | 27541504 | 144537812902 | 28068804 | 148708523592) 

5249 | 27552001 | 144620453249 28079401 143792745899 | 
28096000 | 148776000000 


scopy: 


et mere 


5M. 4C. > ae 
eee, ee Sa Coe 
OL | 29170801 | 157551496201 25713401 | 161967740851 | 
ae 29181604 | 157639024808 Tabeathod 1 exosboagaee 
5403 | 29192409 | 157726 585827 26735209 '| 162146094677 
5404 | 29203216 | 157814179264 29746116 | 162235316664 
3405 | 29214025 | 157904805125, 29757025 | 162324571375 | 
5406 | 29224836 | 157989463 416 | 29767936 | 162413858816 | 
5407 29235649 | 158077154143 29778849 | 162503178993 
5408 | 29246464 | 158164877312 8 | 29789764 | 162592531912 
5409 | 29257281 | 158252632929 29800681 | 162681919579 
5410 | 29268100 | 158340421000. 29811 600 | 162771336000 
{5411 29278921 | 158428241531 $4614 29822521 | 162860787181 
5412 | 29289744 | 158516094528 29833444 | 162950271428 
$413 , 29300569 | 158603979997 ‘| 29844369 | 163039787849 | 
5414 | 29341396 | 158691897944 | 29855296 | 163129337344 
S415 | 29322225 158779848375 | 29866225 | 163218919625 
5416 | 293 33056 | 158867831296 29877156 | 163308534696 | 
(8417 29343989 | 158955846713 67.| 29888089 163308182563, 
5418 | 29354724 | 159043894632 68 |. 29899024 | 163487863232 
5419 | 29365551 | 159131975059 | 29909961 | 163577576709 
5420 | 29376400 | 159220088000 29920900-| 16366732 3000 
g42r | 29387241 | 159308233465 5471, 29931841 | 163757102111 | 
5422 29398084 | 159396411448 2 | 29942784 | 163846914048 | 
$423 | 29408929 15 9484621967 : 29953729 | 163936758317 
5424 | 29419776 | 159572865024 4, 29964676 | 164026636424 | 
5425 29430625 159661140625 . 29975625 | 164116546875 | 
54264 29441475 | 159749448776 5475 | 29986576 | 164206490176 | 
5427 | 29452329 | 159837789483 29997529 | 164296466 332 
5428 | 29453184 | 159926162752 30608484) 164386475352 | 
5429 | 29474041 160014568589 30019441 | 161476517239, 
5430 |-29484500 | 160107007008 39030400 | 164566592000 | 
5431 | 2949576 | 160191477991 BOOSTS 61) 164656699641 | 
5432 | 29506624 | 160279981568 30052324) 164746840168 | 
5433 | 29517489. 160368517737 30063289} 16483701 3589 | 
5434 | 29528356 | 160457086504 © 30074256 364527219904 | 
5435 | 29539225 | 160545687875 | 30085225 165017459125 
5436 | 29550096 | 160634321856 | 30996196 165107731256" 
5437 | 29560969 | 160722988453 |. 1 30107169 165198036303 | 
8438 | 29571844 | 160811687672 30118144 365288374278 | 
5439 | 2958272 1 160900419519 |, | 30129121 165378745169 | 
54.40 29593600. 160989184900 |, {30140100 | 165469149000 
$441 | 29404481 | 161077981121 5491) 3015 1081 | 165559595773 | 
ae 29615364 161166810838 a |-30162064 aeeoos sane 
$443 | 29626249 | 161255673307 493 |-39173049.1-1657405 58157 | 
5444 | 29637136 | 161344568384 4. 3018-4936.) 165831093786 | 
5445 | 29648025 | 161433496125 5495 | 30495025 | 165921662375 | 
$446 | 29658916 | 161522456536 6 {30296016 | 3660122639 36 
54.47 | 29669809 | 161611449623 -| 30217009,| 166102898473 } 
5448 | 29680704 | 161700475393 98.| 30228004.) 166193565992} 
5449'| 29691601 (161789533840 $499 | 3923990 | 166284266499 |. 
29702500 ! 161878625000 500° 30250000 | 1663750000e0 | | 


ee 


| 5528 (30558784 
| $529 30569841 
| 35390 3058¢900 | 


31584400 


31696900 


Sae..! | ___ Cu. 
31371201 179710096801 
| 31382404) 175304227208 
| 31393609 | 175898391227 
131494816 | 175992588364 
| 31416025 | 1760868201 25 
| 31427236| 176181085016 
“| 31438449 | 176275383543 
31449664) 175369715712 
31460881 |'1764.64081 529 
31472100 | 176558481000 
| 32483 321 
3149454 4 
31505769 
31516996 
smatre 
31539456 
31550689 
31561924 
315731 61 


176652914131 
176747380928 
1768418813 97 
176936415 544 
177030983375 
177125584896 
177220220113 
177314889032 
1774095 91659 
177504328000 


31595641: 
31606884 
31618129: 
4 | 31629376 
| 31640625: 
3165 1876 | 
31663129 
31674334 
31685641 


177693901948 
177798739367 
17788361062 4 
177973S§1§ 625 
178073454376 
178 1684263883 
178263433152 
178358473189 
178453547000 


17854865 45 91 
178643795968 
178733971137 
178834180104 
178929422875 
179024699456 
179120009853 
179215354072 
179310732119 
179406144000 
179501 599721 
179597 069288 
17969256270 

179788129084 
£7 9883711125 
| 179979326136 
| 180074975023 
18017 0657792 
130266374449 


31703K61 | 
31719424 
31730689 
31741956 
31753225 
31764496 | 
31775799 
31787044, 
31798321 
: 31809600 


AIQIT2OL 
31922599 


35 | 31933801 
31967716° 
31979025 

| 31990336 


| 4202428 i 


32046921 © 


| 32069569 


177599098061 |: 32160241 


\ 32571584 
‘| 32182929 
| 32194276 
3675 | 32205625 
| 32216976) 182863555776 | 


‘32296489 
| 3231 9225 
| 32341969 
| 32364721 
|. 32376100, 
| 32387481 


| 32421636 
| 32455809 


) | 32 478601) 185095547099 | 


180362125000) "32490000 185193000000 | 


180457909451 

18.05 53727868 | 
180649580079 
180745 466264 | 
18084138 6375 
180937340416 
181033328393 

161429350312 | 
181225406179 | 
18 1321496000 | 


31945104 


2001049. 
32012964 


32035600 
181417619781 | 
1315 13777528 | 
181609969247 | 
181706194944 | 
18180245462. | 
18 1898-7482096 | 
181995075963 | 
182091437632 | 
182187823309) 
182284263000 | 


32058244 


320808 96 
32092225 
3210355 6 
32114889 
32126224 
32137561 
32148900 


182573756217 | 
182670322024 | 
182766921875 } 


322283 29 
32239684 
32251041 
32262400 


1829603237 33 
183056925752 
1831 53661839 | 
183250432000 | 


183347236 241 
1834440745 68 
1835 40946087 
183637853504 | 
183734794125 | 
1833317688 56 
| 183928777703 | 
32353344 | 184025820672 | 
1841228977609 | 
18422G009000 


32285124 
32307856 | 


32330596 


81] 784317154375 | 
323988 64) 184414333888 | 
32410249) 984511547557 | 
184608795 38.4 | 
184706077375 
18 48033935 36 
184900743873 | 
184998123392 


32444416} 
32467204 


32501401 
32542804 
32524209 
32535616 


3795, | 33547025 
32553436. 


32569849 


| 32581264 
32592681 
.32604106 


32615521 
32626 944 
32638369 


4-|. 32649796 
32661225 


32672656 


32684089 
32695524 


32706961 


3ae 40° 
32729841 
32741384 
3275.2729 
32764176 


3277 5625. 


32787076 
32793529 
32809984 
32821441 
32832900. 


32844361 


32. | 32855824 


32867289 
32878756. 
32890225 
32901696 


32913169}, 
3.2924644 | 


32936121 
32947600 
32959085 


32970564 | 


32982049 
32993536 


| 33005025 
5 |. 33016516 


33028009 
33039504 


| 33051001 


Z Cu. 


185290487101 
185338008408 


1854855 63927 
185583153664 


185680777625 
185778435 816 


, 1858761 28243 


18597385 4912 


186071615829 . 
|. 18616941 £000 | 
186267240431 
186365104128. 
186463002097 


18656093 4344 


186658900875 


186756901696 


18685 493681 3; 


186953006232 
187051169959 


187149248000 


187247420361 


187 345627048 


1874.43868067 
187542143424 
187640453125 
187738797176 
187837175583 
18 7935588352 
188034035 489 
188132517000 
1882310328 91 


-18832.9583 168 


188428167837 


188526786904 


188625 440375 
188724128256 
1888 


, 189020398419 


189119224000 
18921808 4025 
1893 16978488 
189435 907407 
189514870784 
1896138686 25 
189712900936 
189811967723 
1899110689 92 
190010204749 


33062500! 190109375090 


33822850553 | 
183921607272} 


33074008 
33085 504 
33997009 


' | 331085 16) 
33120025. 


3313153 6 
33143049 
33154564 
33166081 


5760 | 33177600 


33189121 
33200644 


- | 33282169. 


33223696 
3823902) 
33246756 


| 33258289 
33269824: 


33281361 
eee? 


3390444 1 


| 33315984 
133327529 
S774. (3333907 & 
5775 33350625 


33362176 
:33373729 
33385284 


33396341 
3780 33498400 


33419961 


33431524 
3344308 9 
33454656 
3346622 5 
33477796 
33489369 


33500944 


33512525 


| 33524100 


33535681 


| 33547264. 


33558349 


1: 33570436 
5795 | 33582025 


33593616 
33605209 
33616804 
33628401 


33640000 


790209579751 | 
190307319008 | 
¥90407992777 | 
190506401064 |. 
9060574387 


1908045 33093 f 
1909039795 12 | 
194003460470 | 
191102976000 | 
191202526081 + 
191302110728 | 
¥91401729947 |. 
191501333744 }- 
191601072125 | 
191700795096 | 
1918005 52663 | 
19¥ 900344832 | 


‘192000171609 | 


192100033000 | 


19229985 9648 | 
192399824917 | 
1924998 24824 | 
192699928576 | 
192800032433 | 


_ ¥92900170952 | 


193190552000 |’. 


193200794548 | 


“193301079768 |. 


193401383687 |) 
193501730304 |. 
193602111625 | 
1937025 27656 
193802978403 


193903463872 | 


194003 934069 |: 
194104539000 
194205 128671 | 
194305753088 | 
194406 412257 | 
194507106184 | 
194607834875 | 
194708 5 98336 | 
194809396573 | 


i) 34222500 


Y 
s ee Hae 


\ 34810000 


5 M. 8C. gM 8C. 59 
R. Sq. | » Cu, Sq. | |_ Cu, - 
5801 | 3365 1601 195212937401 34234204 | 260304310051 |: 
5802 | 33663204 | 195313929608 34245904 | 200407030208. 
5803 33674809 195414916627 34257609 | 200509785 477 
5804 73 68.5416 195515958464 34269316 | 20661257586 4 | 
5805 33698025, 195017035125 347481025 2097 15401375 
5806 33709636 195718146616 34292736 2008 18262016" 
5807 | 33721249| 195819292943 34304449 | 200921157793 
5808 | 33732864 | 195920474112 34316164 2010240889 19 ' 
5809 3374448! 19602 1690129 34327881 | 201127054799} 
5810 | 33756109 |. 196122941000 34339600 | 201 33005 6000 
3811 | 33767721 | 196224226731 =964 | 34352321 | 201333092381 
| 5812 | 337793441 196325547328 34363044 | 201436163928 
5813 33799959 | 196426902797 34374769 | 201539270647 
9814 33802596 | 196528293144 34386496 | 201642412544 
5815 33814225 196629718375 34398225 | 2017455389625 
5816 33825856 196731178496 566 34409956 | 201848801896| 
3817 | 33837489 | 196832673513 7 | 34421689 | 201952049363 
5818 | 33849124 | 196934203 432 34433424 | 202055332032 
5819 | 33860761 | 19703576825 9| Z4445161} 2021586 4G909 
5820 33872400 197137368000 ‘+ 34456990 | 202262003000} 
Frey 33884041 197239002661 5871 544686a1 | 202365391311 
(5822) 33895684 197340672248 | 3872] 34480384 |} 202468814848 
5323 | 33907329 | 197442376767 | ' §873 | Big hg AO ML ENALS 
| 5824 | 33918976 97544 16224 | 5874 | 34503876 | 202675767624 
5825 33930625 197645890625 5875 34515625 | 202779296875 | 
5826 33942276 197747599976 5875 | 34527376) 202882861376 | 
$827 33953929 | 19784954 4283 5877 | 34539229 | 202986461133 } 
5828 33965584 | 197951423553 | §878 | 34550834 | 203090096152" 
5829 33977241 | 198053337789 | 5879 | 34562641 | 203193766439 
5830 33988990 198155287000 | 5880] 34574400 | 203297472000 |" 
5831 34000561 | 198257274191 | 5881 | 34586161 303401212941: 
5832 | 34012224 | 19835 9290368 | | 34597924 203504988968 
§833. | 340238 89 | 198461344537 | 34809689 | 203608800387 
5334 | 34035956 |. 1985 63433704 |. ' 34621456 | 203712647104 
5835 | 34047225 | 1.986655 57875 434633225 2038 16529125 
5836 | 34058 340588 96 1987677 17056 ' 34644996 203920446456, 
$337 | 34070569 | 19886993 1253 34656769) 204024399103 
5838 | 3408224 4 , 198972140472 448e8aq 204128387072 
§839 | 34993'921 | 199074404719 ) | 34680321 | 204232410369 | 
| 5840 | 34105600 | 199176704000 y| 34692100 204336469000 
584n | 34437281 | 199279038325 5897 | 34703881 | 204440563971 
5842 | 34128964) 199381407688 34715664) 204544692288 | 
3843 | 34140649 | 199483812107 893 | 34727449) 20464885 6957 
3844 | 34152336 | 199586251584 '94'| 34739236 | 204753056984 | 
5845 | 34164025 | 199688726125 34751025 | 204857292375 
5846 | 34175776 | 199791235736 | 34762816 |' 204961563 136), 
a4 34187409 [199893780423 34774609 205065869273 | 
5848 | 34709104 [199996360192 | 34786404) 2951702 10792 |: 
5849 | 34210801 200098975049 1 34798201 | 2052745387699 
5850: ~<gewapie 205 37909 0000 


<y 


60 


5 M. 90. 
Sa ene Loan a ee. 


Sq. 


34821801 


34833604 | 


34845409 
34857216 
34869025 
34880836 
34892649 
34904464 
34916281 
34928 100 


34939921 


3495174 4 
34963569 
34975396 


915 | 34987225 


ee TS a aseaties ere a TO a a, ai 
2 WW i ; 
‘9 
bv 
qs WO 


 comeinenemnnem 


34999056 
35010889 
35022724 
35034561 
35046400 
35058241 
35970084 
35081929 
35093776 
35105625 
35117476 
35129329 
35141184 
35153941 
35164.900 
35176761 
35198624 
35 200489 
35 212356 
35224225 
35236096 
35247969 
35259844 
35271721 
35283600 
35295481 
35307364 
35319249 
35331136 
35343025 


} 206130877643 | 


, 207895529024 | 


—_———— 


205 587930808 
205692 449327 


- 20579700326 4 


Cu 
205483 447701 | 


205901592625 
206006217416 | 


206215573312 | 
206320304429 | 
20642507 1000 


206529873031 | 


206634710528 | 


206739583497 
206844491944 
206949435875 | 
207054415256 
20715 94302 13 
207264480632 
2073695 66559 

207474 638090 
207579844961 
207685037448. 
2077 90265467, 


208000828125 | 
208106162776 | 
208211532983 
208316938752 
208422380089 
208527857000 | 
208633369491 
208738917568 
2088 44501237 


208950120504 


209909775375 
209161465856 
2092671 91953 
209372953672 
20947875 1019 
209584584000 


209690452621 
209796356888 
209902296807 
210008272384 
210114283625 


35354916 | 210220330536 
35366809 | 210326413123 


35378704 
35390601 


210 432531392 


| 210538685349 


35402500 ! 210644875000 


| 35414401 


3542630-4 
35 438209 


135450116. 


35462025 


1'35473936 


35485849 
35497764 


| 35509681 
| 35521600 


ee coe 


35533521 


| 35545444 


35557369 
35569296 
35581225 
35593156 
35605089 
35627024 
35628961 
35640900 


35652941 
| 35664784. 
| 35676729 


35688676 
35700625 


35712576 
35724529 
| 3573 6484 
35749441 


35760400 
35772368 
35784324 
3579628 9 


| 35808256 
35320225: 


35332196 
35344169 
35856144 
35968121 
35880100 


35892081 
35904064 
35910049 
3592803 6 
35940025 
35952016 
35964009 
35976004 
35988001 
36000000 


ewer 


210751100351 
210857361408 


210963 658177 


211069990664 
211176358875 
211282762816 
211389202493 | 
211495677912 
211602189079 
211708736000 | 
211815318685 | 
211921937128 
212028591347 | 
212135281344 | 
212242007125 | 
2123487686 96 | 


| 212455566063 | 


212562399232 | 
2¥26692682a9 | 
212776173090 

21288 3113611 | 
212990090048 | 


213097102317 | 
213204150424 | 


213311234375 | 
213418354176 | 
2135 25509833 | 
213632701352 | 
213739928739 | 
213847192000 | 


213954491141 


214061826168 

214169197087 | 
214276603904, | 
214384046625 | 
21449 1525256 

21.45, 9903 9803 

214706590272 

214314276669 | 
214924799000 

215029457271 | 
215137151489 | 
215244881657 
215352647784 
215460449875 | 
215568287936 
215676161993 
215784071992 | 
215892017990 | 
216000000000 | 


pre ran te ala aa 
ae 


6 M. 6 M, 64 
R. Sa. Cu. || ROY on" 
6001 | 36012001 | 21610801 8001 6051 | 3661460t| 221554950651 
6002 | 36024004 216216072008 6053 | 36626704| 221664812608 
6003 | 36036009 | 216324161027 6053 | 36638809] 221774710877 
6004 | 36048016 216432288064 6034 | 36650916 221884645464 
6005 | 36060025 | 216540450125 6055 | 36663025 221994616375 
bocs 36072036 216648648216 6056 36675136 222104623616 ry 
6307 | 36084049 | 2167568823 43 6057 | 36687229! 222214667193 i) 
6008 | 36096064 | 216865152512 6058 "36699364 222324747112 | | 
6009 | 36108081 | 216973458729 6059 36911481 | 222434863279 3 
6o10 | 36120100 | 217081841000 | 6060 36723600 222545016000 at 
GOIT | 36132421 | 217190179331 | 061 36735721 | 222655204981 tt 
6032 | 36144144 | 217298593728 | 6062 | 36747844| 222765 430328 if 
6013 , 36156169 | 217407044197 6063 | 36759969| 222875692047 q 
6014 | 36168196 | 217515530744 5064 | 36772096 | 222985990144 = | 
6015 | 36180225 2.1762 4953375 |, 6065 36784225 223096324625 ] 
6016 | 36192256 Aes 612096 6066 | 36796356 | 223206695496 
6017 | 36204289 |-21784120691 3 6067 | 36808489] 223317102763 | of 
6018 | 36216224 2179498378 2 2 6068 36820624\ 2234275 46432 or 
6oIg | 36228361 | 218058504859 6069 | 36832761 | 223538026509 | a 
6020'| 36240400 218167 208000 6070 36844909| 223648543000 ' ia. , 
602% | 362! 36252441 | 218275947261 6071 | 36857041 | 223759005911 ue | 
6022 | 36264434 | 218384722648 6073 | 36869184 | 223869685248 | 
6023 36276529 218493534167 6073 | 36881329 "223980311017 . \j 
6024 | 36238576 |.21860238 1824 6074 | 36893476 | 224090973224 | | 
6025 | 36300625 218713265 625 é 6075 | 3.6905 625 224201671895 
6026, 36312676 | 218820185576 6075 | 36917775 | 224312406976 
6027 | 36324729 | 218929141683 6077 | 36529909 224423178533 
6028 36336784 | 219038133952 6078 | 36942084 | 224533986552 
6029 36348341 | 219147162389 6079 | 36954241 | 22464483 1039 
2a 36360900 219256227000 6080 36966400 | 224755712000 
6031 | 36372961 | 2193653277 91 6081} 36998561 | 2248666294 51 
6032 | 36385024 219474464768 | 6082 | 36990724 | 224977583368 | 
6033 | 35397089 | 219583637937 | | 6083} 37002889 | 225088573787 
6034 | 36409156 | 219692847304 6084] 370165056 | ‘225199600704 | 
6035 | 36421225 219802092875 6085 37027225, 225310664125 
6036 | 36433296 | 219911374656 6086] 37039396 | 235421764056 
6037 | 36445369 | 220020692653 6087" 37051569 225532900503 
6038 | 36457444 | 220130046872 6088 | 37063744 | 225644073472 
6039 | 36469521 | 220230437319 6089 | 37675921 |' 225755282969 
a to 22.03 48864000 6099 | 37088100 ' 225866 529060 
6641 | 36493681 220458326921 Go9t | 37100281 285097811 577 
6042 | 36505764 | 230567826088 6092 37112464 226089130688 
6043 | 365173849 | 220677361507 6093 | 37124649. 226200486357 
6644°| 36529936 | 220786933 184 |. 6094| 37136836 226311878 584, 
6045 | 26542025 | 220896541125 | 6095'| 37149025 | 226423307375 
6046 36554116 221006 185336 | 6096 39161216 226534772736 i 
6647 | 36566209 | 221115865823 | 6097 | 37173409): 216646274673 |. 
6028 | 36578304 | 221225582592 6098 | 37185604. 22675781 3192 | 
6049 | 36590407] 221335335649 6099 | 37197801 |: 2263 69388299) 
60501 36602500 221445125000 ' 6100 372100009 226981000000) 


4 ie ‘dios no EE OI 


re = ee ee ee ee 


Ge OAT at. 6M EC, 

> eer 
IX: Sq: Cu.. R. 29g: ' Cu. 

GIOL | 37222201 | 227092648301 6191 | 37834391 | 232724860951 
6102 | 37234404 | 227204 333208 6152 | 37847104 | 232335383808 
6103 | 37246609 | 227316054727 6153 | 37959499 | 232748043579 
6104 | 37259816 | 227427812864 6154 37871716 | 233062540263 
6X05 | 37271025 | 227530607625 6155 | 37884025 | 233176173865 
6106 | 37283236 | 227651439016 6156 37896 336 apes Sa4atg 
6107 | 37255449 | 227763307043 6157 | 37908649 | 2 3403551893 
6108 | 37307664 | 227875211712 6158 379209" 233517295312 
6109 | 37319881 | 227987153029 6159 | 3793329» 1.23365 8 Oggaigg 
6110 | 37332100 | 228099131000 6160 37 945600 | 2337448 96c00 
61rt 37344321 228211145631 GiGi 37957931 232858751281 
6112 | 37356544 | 2283231 96928 61 62 \ 37979244 | 2339726435 28 
6113 , 37363769 22835284807 | 6163 | 37987569 | 234086572747 
6114 | 37380996 | 228547409544 6164 | 37994896 | 234200538944 
6115 | 37293225 | 228559570875 | 6165 | 38007225 | 234314542125 
B16 | 37405456, 228771 768896 ZiGG | 38219556 | 2344285 82296 
6117 | 37417689 aaenh003G3 6 167 | 38031889 234542650463 
6118 | 37429924 2?8996275032 6168 | 3°°44224 | 234656773 632 
| Orlg 37442161 | 229103583159| 6169 | 38056564 | .234.770924809 
$1204) 37454300 | 229220928000 6170 38068900 | 2348851 13009 
at walt 229333399561 6171 38081241 234999338 211 
6122 37478884 229445727848 6172 | 33093 584 235113600448 
Toles ees 2295 59182867 6173 | 38105929 | 235227809319 
6124 3750376 | 229679674624 6174 | 33118276 | 2353422 36024 
6125. 37515625 | 229783203125 617 38150625 23 5.45 6609375 
6126 | 37527876 1298957 68376 | 6175: 38142976 235571019776 
6127 | 37549129 | 230008370383 6177 | 33155329 | 235685467233 
6128 | 37552384 | 230121009152 6178 | 38167684 | 235799951752 
6129 | 37364641 | 230233684689 6179 | 38180041 | 23591447333 9 
6130 | 37576900 | 330346:97000 6180 381 92.400 '236029032000 
6131 | 37589161 | 230459146091 6181{ 38204761, 236143627741 
at sper | 230571931968 6182 38217124 | 2362582605 68 
6133 | 37613689 230684754637" 6183 32229489\19399729308p 
6134 | 37625956 | 230797614104 6184} 38241856 | 236487637504 
6135 | 37638225 | 2309105 10375 6185] 3825 4225 | 236602381625 
6136 | 37650496 | 231023443456 6186] 38266596 | 236717162856 
6137 | 37662769 | 23113641335 3 | 6187 38278969 | 226331981203 
6138 » 37675044 | 231249426072 6188 | 38291344 | 236946836672 
6139 | 37687321 | 231362463619\ 6189 38303721 |-237061729269 
6140 27699600 | 231475544000 6190 39316100 23717665 9000 
S144 | 37711981 | 231588661221 6191 |. 38328481 | 237291625873 
6142 377 24164 | 2317018 15288. 6192 . ae 237406629888 
6143 | 37736449 | 231815006207 6193 | 38353249 | 237524671057 
6144 | 37748736 | 231928233984. 6194] 38365636 2376367 49384 
16145 | 37763 025 | 232041498625 6195 | 38378025 | 237751864875 
aoe? 1 az A calla ha 
6146 | 377793316 23215 4800136 6196 38390416 CT 
61-49 | 37735609) 232268138523 6197 | 38402809 | 2379822073 

6148 | 37797904 232381513792 6198 | 38415204 | 238097434399 
6149 | 378410201, 232494925949! 6199 | 38427601 | 238212698599 
6150! 37822500 | 232608375000" 6200 | 38440000 | 238328000000 


a cent ne cae ce remit 


> ; : SEEPS GES EBS ESERIES 


rr 


6M. 2C. 


Sa 
38452401 
38464804 | 


38477 209 
3848 9616 


| 38502025 


3851 4436 
38526849 
38539264 
38551681 
ee 


38576521 
38588944 
386013609 
38613796 
38626225 
38638656 
38651089 
38663524 
38675961 
38688400 
38700941 
38713284 
38728729 
38738176 
38750625 
338763076 
38775529 
38787984 
38800441 
38812900 


33825361 
38837824 
33350289 
38362756 
38875225 
3888-76 96 
38 960169 
38912644 
38925121 
38937600 
38950081, 
38962554 
38975049 
38987536 
39000025 
39012516 
39025009 
39037594 
39050001 


) | 39062500 


Cu. 
238443338603 
238558714408 
238674127427 


238789577664 | 


238905065125 


239020589816 


239136151743 
239251759912 
239367387329 
239483061000 


239598771931 
2397 14520128 
239830309597 
239946128 3.44 
240061988375 
240177885 696 
2.402 93820313 
240409792232 
240525801459 
240641848000 
240757931861 
240874053048 
240990211567 
241106407424 
241222640625 
241338911176 
24145 $219083 
241571564352 
241687946989 
241804367000 


241920824391 


242037319168 | 


24215385 1337 
242270420904 
242389027875 
242503672256 
242620354053 
242737073272 
2.4285 3829915 
242970624060 
243087455521 
243204324488 
243321230907 
243438174784 
243555156125 
243672174936 
243789231223 
24390632 4992 
244023456249 


244140625009! 


39075001 
39087504 | 24437507 5008- 
39100009 | 24449235 6255) 
39112516 | 244609675064 
139125025 f 


39137536 


39 #50049 | 244961856593 |. 
39162554 | 245079325633 


39175081 
39187600 
39200121 
39212644 
39225169 
39237696 
39250225 
39262756 
39275289 
39287824 


39303361 


39312900 


39325441 


39337984 
39350529 
39363076 
39375625 
39338176 
39400729 
39413284 
39425841 
39438400 


39450961 


3.94.63524 
39476089 
39488656 
39501225 
39513796 
39526369 
39538944 
39551521 
39564100 
39576681 
39589264 
396018 49 
39614436 
39627025 
39539616 
39652209 
39664804 
39077401 
39690000 


ssa en eee eee ema ee 
4 4 Bien: if 


See 
See 


244257831251 


24472703 1375 
2448444252161, 


24519633 1979): 
245314376000} 
245431957581 |. 
2455495 76728 
245667233447 
245784927744 
24590265 9625 
246020429096 
24613823616 3 
24525608 0832 
246373963169 
246491833 000 
246609840511 
246727835648 
246845868417. | 
246963938824 
247082046855 - 
247200192576 | . 
2473183759 33 
247436596952 
247554855639 | 
247673152000 


247791486041 
247909857768 
248028267187 
248146714304 
248255 199125 
248333921656 
248502281903 
24862087 9892 
248739515569 
2438581899060 | 
248976900171 
249095649088 
249214435757 | 
249333260134 | 
2549452122575 | 
2.4957 102 2336 
24963996007 3 
24980893 55 92° 
2499279488 99 
250047009000 | 


_ a ee ee wee 


| 6312 


| 6317 

| 6318 

| 6319 

tf 6320 | 

63a | 
| 6322 | 
6323 
| 6324 
| 6325 | 
| 6326 | 
| 6327 
| 6328 
| 6329 
| 6339 


| 63.38 
ees 
6350 
} 


6 M. | Oe 0 ee one 


Sq: 


| 


39702601 


39715204 


39727809 
397 40416 
39753025 
39765636 
39778249 
397 90864 
pbaio| 293 
39816100 


39828721 | 
39841344 | 


39904489 
39917124 
39929755 
39942400 


39955044) 
39967684 


| 39980329 | 


39992976 | 
42005625 | 
40018276 
40030929 
40043584 
4005 6241 
40068900 


40081561 
40094224, 
40106889 
40119556 
40332225 
40144896 
40357569 
40170244 
40132921 
40195600) 


40208281 
40220964 
0233649 | 
40246336, 
40259025 | 
40271716" 
40284409 
40297104 
40209801 
40322500 


Cu. 


2501 66088901 
250285215608 
250404380127 
250523582464 
250642822625 
250762100616 
250881416443 


251000770512 


25£1I201 61629 
25 1239592000 


25 1359058231 
2514785 63328 


| 6313 | 39853969], 254598106297 | 
| 6314 | 39866596, 251717687144 
| 6315 | 39879225 25 1837305875 
6316 | 39891856) 251956962496 


252076657013 
252196389432 
252316159759 


252435968000 | 


252555814161 
25 2675698248 
252795620276 
252915590224 
253035578125 
253155613976 
253275637783 
253395799552 


253545949289 [ 


25 36361 37000 


25375 6362691 | 


253376626368 


253996928037 | 


254117267704 
254237645375 
25435806 1056 
254478514753 
254599006472 


254719536219} 
254840104000 | 


254960709821 | 


255081353688 
255202035607 
25 5322755584 
255443513625 


255564309736 
25 5685142923 5 
255806016192 |. 
255926926549 | 
' 256047875000] 


6375 


6 M. 3C. 


40373316 


40386025 


40398736 
40418449 
40424164 
40436881 
Eats aa 
joa 


0475044 
pace | 


, 40500496 


40513225 


40525956 
40538689 


RAE te 

40335201 256168861 551 
40347904 | 256289836208 
40360609 | 256410948977 


40551424, 2 
4056416 | 


40576900 , 


637% | 40589641 
| 6372 40602384 
6373 | 40615 129 
6374 | 40627876 


40640625 
40653376 
40666129 
40678884 
40691641 
40704409 


40717161 
40729924 
40742689 
40755456 
40768225 
40780996 
40793769 
40806544 
40819321 


40832100 


6391 | 40844881 


40857664 
40870449 
408 $3236 


| 40896025 


40908816 


40921609 


40934404 


40947201, 


40960000 


25359660281 
258718390848 
2588.402 17117 
253962081624 


ae CC i (Ce: 


256532049864 
256553 188875 
256774366016 
256595581293 
2570168347 12 
257138126279 
257259456000 


2573803823831 
257502229928 
257623674347 
2577 451565 44 
257866677125 | 
257983235396 
agp ope; 20a 
258231465032 
258353141409 
258474853000 


25, 9083984375 


Soe os MRE RD RS 


259205925376 | 
259327904633 

259449922152 
259571977939 
259694072000 


259816204341 


259938374968 | 
260060583887 


260182831104 | | 


260305116625 


260427440456 | 
260549802603 | 
260672203072 


260794641865 


26091713 9000 


261039634471 

261162188238 
261284780457 
ais gpa 
261530079875 75 
261652787136 
261775532773 

2618983 16792 } 
262021139199 
262144000000 


6M. 4C. 6M. 4C. 65 
R Sq. Cu. Bee Sq. | © Cu. 
6401 | 40942801 | 262266899201 | 6451 | 41615401 | 268460951851 | 
| 6402 | 40985604 26238 9836808 6452 | 41623304 | 268595817408 
64.03 | 40993409 | 262512812827 6453 | 41641209 | 268710721677 
6404 | 41011216 | 262635327264 6454 | 41654116 | 268835664664 
6405 | 41024025 | 262758880125 6455) wins os | 2630054675 
6406 41036836 | 262881971416 6456 | 41679936 | 269085666816 | 
6407 | 41049649| 263005 101143 6457 41692849 26921072599 3 | 
| 6408 | 41062464 | 263128269312 6458 | 41705764 | 269335823912 | 
| 6409 | 41075281 | 263251475929 6459 | 417186 81 | 269460960570 | 
| 6410 | 41088100 | 263374721000 6460 | 41731600] 269586136000 
| 64x11 | 41100921 | 263493004531 6451 | 41744521] 269711350181 
6412 | 41113744) 263621326528 6462 | 41757444 | 269336603128 
| 6413 | 41126569} 263744686997 6463 | 41770369 | 269961394847 | | 
| 6414 | 41139396 | 263368085944 6464 | 41783296 | 270087225344 | 
|. 6415 | 41152225 | 263991523375 6465 | 41796225 | 270212594625 
| 6416 | 41165056] 264114999296 6466 | 41809156 | 270338092696 
6417 | 41177889 | 264238513713 6467 | 41822089 | 270463449563 
6418 | 41190724] 264362066632 6468 41835024 | 27058 8935232 
6419 | 41203561 | 264485658059 6469 | 41847961 | 270714459709 
6420 | 41216400 | 264609288000 6479 | 41869900| 270840¢23000 | 
| Gaat | 41229241 | 264732956461 647% | 418738 41 | 270965625111 
| 6422 | 41242084 | 26485 6663448 6472 | 41886784 | 271091266048 | 
| 6423 | 41254929 | 264980408967 6473 | 41899729) 271216945817 | 
| 6424 | 41267776 | 265104193024 6474 | 41912676| 271342664424 | 
| 64.25 | 41280625 | 269228015625 6475 | 41925625 | 271468421875 
| 6 426 | 41293476 265351876776 6476 4.1938576| 271594218176 | 
| 6425 | 41306329] 265475775483 6477 | 41951529! 271720053333 | 
| 6428 41319184| 265599714752 6478 | 41964484 | 271845927352 | 
| 6429 | 41332041 | 265723691589 6479 | 41977441 | 271971840239 | 
| 6430 | 41344900 | 265847707000 6480 | 41990400 | 272097792000 | 
| 6431 | 41357761 | 265971760991 6481 | 42003361 | 272223782641 t 
6433 | 41370624 | 26609535 3568 6 482 | 42916324 | 27234981216 8] 
| 6.433 | 41333489 | 266219984737 6483 | 42029289 | 272475880587 | 
| 6434 | 41396356 | 266344154504 6 484 | 42042256 | 272601 987¢04 | 
y 6955 aaa 295898 3 62875 6.485 | 42055225 | 272728134125 | 
| 6436 41422096 | 266592609856 6486 | 42068196 | 27285 4319256 | 
6437 | 41434969 | 266716895453 6487 | 42081169 | 2729805 43303 | 
6438 | 41447844 266841219672 6488 | 42094144 273 106806272 
6439 | 41460721 | 266965 582519 6489 | 42107121 | 27323 3108169 | 
6440'| 41473600 | 2 7089984060 6490 | 42120100 | 373359449000 | 
6441 | 41496481 | 2672144241 27 6491 | 42133081 | 273485828771 | 
6442 | 41499364 267338902888 6492 | 42146064 | 27361 2247488 | 
| 64.43 | 41512249 | 267463420307 6 493 | 42159049 | 273738705157 
|, 6444 | 41525136 26758797 6384 6494 | 42172036 | 273865201784 | 
644s | 41538025 | 26771 2571125 6495 | 42185025 | 273991737375 | 
6446 41550916 267837204536 6496 | 42198016 | 274113311936] 
6447 | 41563809 | 267961876623 6497.) 4221 1009 | 274244925473} 
6448 | 41576704 | 268086587392 6498 | 42224004 | 274371577992, 
6449 | 41589601 | 2682113368 49 6499 | 42237001 | 274498260490 | 
6450 | 41602500 | 268336125000 6500| 42250000! 274625000000 |, 


eee a a 


ee 


6M. 5c 6M. 5C. 

Sq. Cu. _ Sq. Cu. 
12263001 | 274751769501 655% | 42915601 | 281140I02151 |, 
#2276004] 274578578008, 42928704 | 281268868608 | 
42239009 | 275005425527 | 42941809 | 281397674379 | 
42302016 |, 275132312064 42954916 | 2815265 19464 } 
42315025 |.275259237625 | 6555 | 42968025, | 28165 5403875 
42323036 | 275336202216 42981 136.| 281784 327616 } 
42341049 | 2755 1320584 3 | 42994249 | 281913290693 | 
42354064 | 2756402485 12 | 43007364 | 282042293112 | 
42367081 | 275767330229 43020481 | 282171334879 
42380100 | 27589445 1000 .| 43033600 | 282300416000 | 
42393121 | 276021610831 G61 | 43046721 | 282420536481 
42406144 | 276143809728 -43059844 | 282558696328 
42419169 | 276276047697 43072969 \ 2826378955 47 | 
42432196 | 276403324744 | 43086096 | 282817134144 | 
42445225 | 276530640875 | 43099225 ,| 2820946412125 | 
42458256 276657996096 43112356 | 293075729496 
42471289 | 276785390413 43125485 | 283205086263 | 
42484324 | 27691282 3832 | 43138624 | 283334482 432 | 
42497361 | 277040296359 43151761 | 283463918009 

| 42510400 | 277167808000 43464900 | 283593393000 
| 42523448 | 277299358761 | 43178041 | 283722907411 
42536484 | 277422918648, 43491184) 2838524612 41 
42549529 | 277550577667 43204329) 283982054517 
42562576 |'277678245824 43217476|-2843 11687 24 
42575625 | 277805953125 6575 | 43230625 | 284241359375 | 
42588676 | 277933699576 43243776) 284371070976 
42601739} 278061 485183 43256929 | 284500822033 | 
42614784 | 278189309952 | 43270084 |°284630612552 | 
42627841 | 278317173889 43283241 | 284760442539 | 
42640900 | 278445077000 43296400 aeaies FaaRS 
42653961 | 27857301929) 43309561 .- 285020220941 
. 42667024 | 278701000768 43322724 | 285140169368 
42680089 | 278829021437 ’ 43335889 | 285280157287 
42693156 | 278957081304 43349056.) 285410184704 | 
42706225 | 279085 180375 6585] 43362225 | 285540251625 | 
42719296 | 27 9213318656 -4337$396.|: 285670358056 
42732369 | 2793 41496153 43388569} 285800504003 | 
8) 42745444 | 279469712872 | 43401744 | 285930689472 | 
42758521 | 279597968819 43414921 |. 236060914469 | 
6540 | 42771600 | 279726264000 43428100 | 286191179000 
42784681 | 279854598421 43441281 | 286331483078 | 
42797764 | 27998297 2088 43454464,| 28645 1826688 
428108 49 | 280111385007 | 43467649 |; 286582209857 
42823936 | 280239837184 43480836 | 286712632584 |: 
428 37025 | 280368328625 . 43494025 | 286843004875 
42850116 | 280496859336 6 | 43507216 | 286973596736 | 
42863209 | 282625429322 | 7143520409 | 287104138173 
4287 6304 | 280754038592 43533604, 287234719192 
42839401 | 28088 2687 149 9 | 43546801 | 28736533 9799 | 
42902500 | 281011375000 9 |.435360000 


267496 000000 


6M. 6C. 67 . 
P | 
ie _ Sq. | . : Cu. Sq. - ~. Cu. 
6601 | 43573201} 287626699801 44235801 294212312451 
6602 | 43585404] 287757439208 44249104 294345039808 | 
6603 | 43599609 | 287838218227 | 44262409 294477807075 | 
6604 | 43612816 | 288019036864 | 44995716 294610614264 
6605 | 43626025 | 288149895125 6655 | 44289025 294743461375 | 
6606 | 43639236 | 283280793016 44302336 2948763484 16 
6607 | 43652449 | 2884117305 43 44315649 | 295009275393 
6608 | 43665664 | 288542707712 44328964 | 295142242312 
6609 | 43678881 | 2886737245 29 | 44342285 | 295275249179 
6610 43692100 28880478 1000 44355 600 295408296000 
6611 | 43705321 | 288935877331 44368921 | 295541382781 
6612 | 43718544 | 289067012928 | 44383244 | 2956745095 28 
6613 | 43731769 | 289198188397 44395569 | 295807676247 
6614 | 43744996 | 289329403544 | 44408896 '| 295940882944 
6615 | 43758225 | 289460658375 | 3665 | 444222251 296074129625 
6616] 43771456 , 289591952896 | 44435556 296207416296 | 
6617 | 43784689 | 289723287113 44448889 | 296340742063 | 
6618 | 43797924 | 229854661032} 44462224 | 296474109632 
6619| 43811161} 289986074659 9 144475561 | 296607516309 | 
6620] 43824400} 290117528000 5670 | 44488900 | 296740963000 | 
$621) 43837641 | 290249021061 6675 44502241 296874449715 | 
6622| 43850884 | 290380553848 2 | 44515534 | 297007976 448 | 
6623 43864129 2905 12126367 44523929 | 297141543217 | 
6624| 43877376) 290643738624 44542276 | 297275150024 
—6625| 43890625 | 299775390625 6675, | 44555625 | 297408796875 
6626| 43903876 | 290907082376 | 44568976 | 2975 42.483 776 
6627 | 43917129 | 291038813883 44582329 297676210733 | 
6628 | 43930384 | 291170585152 44595684 | 297809977753 | 
6629 | 43943641 | 291302396189 44609041 | 297943784839 | 
6630 | 43956900 | 291434247000 44622400 | 298077632000 | 
6631 | 43970161 | 291566137591 44635761 | 298211519241 | 
» 6632 | 43983424 | 291698067968 44649124 | 298345446568 | 
. 6633 | 43996689 | 291830038137 44662489) 298479413987 | 
6634 | 44009956 | 291962048104 44675856 | 29861342 1504 | 
6635 | 44023225 | 292094097875 44689225 | 298747469125 | 
6636 44036496 | 292226187456 44702596 | 298881556856 | 
6637 | 44049769 | 292358316853 44715969 | 299015684703 | 
6638 | 44063044 | 292490436072 | 44729344 | 299149852672 | 
6639 | 44076321 292622695119 44742721 | 299284069769 
6640 | 44089600 | 292754944080 6690 | 44756100} 299418309000 | 
66.41 | 44102881 | 293887232721 "44769482 | 299552597371 | 
6642 | 44116164.] 292019561288 44782864 | 299686925888 | 
6643 | 44129449 | 293151929707 44796249 | 299821294557 | 
6644 | 44142736 | 293284337984 |. 44809636 | 299955703384 
6645 | 44156025 | 293416786125 | 44823025 1300090152375 | 
6646 | 44169316 | 293549274136 ‘44836446 | 30022464 1536} 
: 6647 \ 44182609 | 293681802023 | 144849809. 300359170873 | 
6648 | 44195904 | 293814369792 | 3 |' 44863204 | 300493740392 
| 6649 | 44209208 | 293946977449 | _|-44876601 | 300828350089 | 
| 6650 | 44222500 | 44830000 | 300763000000 ' 


6M. 6C. 


294079625000 


tie 


: . r ; ; 


~‘ 


68 


Sq. 


L | 44903401 | 


44916804 
44930209 
44943616 


795 | 44957025 


44970436 
44983349 


| 44997264 


45010681 
45024100 


45037521 
45050944 
45064369 
45077796 
45091225 
45104656 


45131524 | 


45144961 


45471841 


| 451852384 


45198729 
45212176 
45225625 
4523 9076 
45252529 
45265984, 
45279441 
45 292930 


453063261 


45319824 
45333289 
45346756 
45360225 
45373096 
45387169 
45400644 
45414121 
45427600 


45441081 


45454564 
45 468049 
45481536 


45495025 


6749 
6750 


| 


45508516 
45522009 
45535504 
45549001 
45562500 


6M.7C. 


300897690101 
30 1032420408 


301167190927 | 


301302001664, 
301436852625 


301571743816 | 


301706675 243 


301841646912 | 


301 976658829 


302111711000 | 


302246803431 


302381936128 | 
392517109097 | 
302652322344 } 
302787575875 | 
302922369696 | 
45118089 | 303058203813 | 
303193578232 | 
| 303328992959 | 
45158400 | 303464448000 


303599943361 | 
393735479048 

393871055067 | 
304006671424 | 


304142328125 


304278025176 | 
3044 13762583 | 
394549540352 | 
3046853584809 | 
304821217000 | 


304957115891 | 


30509305 5168 
305229034837 
305365054904 


305 501115375 


305 637216256 
395773357553 
305909539272 
306045761419 
306 183024000 


3063 18327021 
306454670488 
306591054407 
306727478784 
306863943625 
307000448 936 
307 136994723 
307273580992 
307410207749 


307546875000 


6761 


| 6784 


| 699 
| 6800 


R.| _ Sq. 
6751 
6752 
6753 
6754 
6755 
6756 
6757 
6758 


6759 
6760 


45576001 
45589504 
45603009 
45616516 
45630025 
35643536 
45657949 
45670564 
45684081 
45697 600 


45711125 
45724644 
45738169 
45751696 
45765225 
45778756 
45792289 
45305824 


6762 
6763 
6764 
6765 
6766 
6767 
6768 
6769 
6770 
6771 


45832900 


45346441 
6772 | 45859984 
6773 | 45873529 
6774| 45887076 
6773 | 45990825 
6776 | 45914176 
69779 | 45927729 


6778 | 45941 284 


6779 45954841 


6780. 45968400) 


ir eee! 
6782 | 45995524 
6783 | 46009089 
46022656 
slag 224 
460497 96 
46063369 
46076944 
46090521 
46104100 
qein7681 
46131264 
46144849 
46158436 
46172025 
46185616 
46199209 
46212804 
46226401 
46240600 


6785 
6786 
6787 
6788 
6789 
6790 
6791 
6792 
6793 
6794 
6795 
6796 
079 
6799 


6M. 7C, 


45819361 | 


Co. 
307683582751 
307820331008 
397957119777 
308093949064 
308230818875 
3083 67729216 
308504680093 
308641671512 
308778703479 
308915776000 
30905 2889081 
30919004.2728 
309327236947 
309464471744 
3096017 47125 
399 739063096 
309876419663 
310013816832 
31015 1254609 
31028873 :000 


310426252011 
310563811648 
310701411917 
31083905 2824 
310976734375 
311114456576 
311252219433 
311290022952 
311527867139 
311665752000 
311803677541 
311941643768 
312079650687 
312217698304 
312355786625 
312493915656 
312632085403, 
312770295872 
312908547069 
313046839000 
313135171671 
313323545088 
313461959257 
313600414134 
313738909875 
313877446336 
314016023573 
334154641592 
314293300399 
314432000000 


kar aes = 
nel 


6MrsG 


Sq. 
46253601 
46267204 
46280809 
46294416 
46308025 
46321636 
46335249 
46348864 
46362481 
eed a 
46389721 
45403344 
Agere 
464.3059 
46444225 | 
46457856 | 
4647 1-489 | 
46485124 | 
46498761 


Oo} 46512490 


46526041 
46539654 
46553329 
46566976 
46580625 
46594276 
46607929 
46621584 
46635241 
46648900 
46662561 
46676224 
46689889 
46703556 
46717225 


46730896 


46744569 


| 45758244 


46771921 
46785600 


46799281 
46812964. 
46826649 
46340336 
46854025 
46867716 


‘| 46881409 


46895104 
46908801 
a 


Cu. : 


3145797 40401 
314709421608 
314848343627 
314987206464 


315126110125 | 
315265054616 | 


315494039943 


315543066112 | 


315682 133129 


315821247000 | 


315960389731 
316099579328 
316238809797 
6 | 316378081144 
316517393375 
316636746496 


316935575432 
317975051259 
4172145638000 


317354125664. 
317493724248 


317633363767 
317773944224 
317912765625 
319052527976 
318192331283 
318332175552 
318472060789 
3186 11987000 


318751954191 | 


318891962368 
31 9032011537 
319172101704 
319312232875 
319452405056 
3195926 18253 
319732872472 
319873167719 


320083504000 |! 


32015388 1321 
320294.299688 


32043475 9107 | 


320575259534 
320715801125 


32085 6333736 |. 
320997007.423 | | 


9211370720 


321278378049, | 
ae 


46963 609. 
| 469773 16 


Sq. 


46936201 


46949904 | 


46991025 
47094736 
47318449 
47032164 


4704598 1 
47059600 


47073321 
47987044 
47100769 
47 114496 
47128225 


47141956 


7 | 47155689 
| 47169424 


47183161 
47196900 


47210641 


| 47224384 
| 47238129 


47251876 


47265 625 


47279376 


| 47293129 


47306884 
47320641 
47334400 


47348161 
| 47361924 
| 47375689 
47389456 
| 47493225 
47416996 
47430769 
47444544 


(| 47458321 


| 47472100 


47485881 
47499664 
47513449 
47527 236 


| 4754105 


7554816 
1497508609 
47582404 


| 47596201 


ee 


321559913054 
321700742208 
321841612497 
321 982523864 


322723 322123476375 


——— 
TE eee tee = 2: = ne etnies 


322264470016 


3 22495504792 
322546580712 
322887609979 
32282885 6090 


322970055381 
323111295928 
323252577647 
373393900544 f 
323535264625 
323676669896 
323318116363 
323959004032 
324101132909 
a2 S8g2 793009 


324384314311 

324525966848 

324567660617 

3248093 95624 | 
pera 
325092989376 
325234848133 
3253767481 52 
325518689439 
325669672000 Relele) 


325802695841 I 
325044760968 
32608686738 | 
326229015104 | 
326371204125 | 

326513434456 
326655706103 
326798019072 

26940373369 

327082769000 


327225205971 


= 


3275 10203997. 
32765276498 4 
327795397375, 
32 938011136 
328080696273 
328223422992 
3283661 90699 | 
Reiki” adh 


cere ree rE RO OC A eee eS ER I Ee 


6M, ae 
RR. _ Sq. __ Cu, 


6M. 9C. 
| Re |. Sq - Cu. 
| 690% | 47623802 | 328651850704 
| 6903 | 47637604 | 328794742808 
6903 | 47651409 | 328937676327 
6904 | 47665216 | 329080651264 
6995 | 47679025 | 329223667 625 
906 | 47692836 | 329366725416 
6907 | 47799649 | 329509824643 
| 6908 | 47720464 | 329652965312 
6909 | 47734281 | 329796147429 
6910 | 4774800 | 329939371000 
6911 47761924 33008 2636031 | 


6951| 48316401 | 335847303351 
6952) 48330304 | 335992273408 | 
6953 48344209 336 137285177 
6954) 48358116 | 3362823396 64 
6955 | 48372025 | 336427433875 
6956 | 48385936 | 336572570816 | 
6957 | 48399849 | 336717749493 | 
6958 | 48413764 336862969012 | 
6959| 48427681 | 337008232074 | 
6 960| 48441600 | 337153536000 
6961 | 48455521 | 337298881681 | 
| 6912 | 47775744 | 330225942528 6962 | 48469444 337444269128 
| 6913 | 47789569 | 330369290497 6963 | 48483369 | 337589698347 | 


| 6914 | 47803396 | 330512679944 43497296 | 337735169344 


6915 | 47817225 | 330656110875 6965 | 48531225 | 337880682125 | 
6916 | 47831056 | 330799583296 6966 | 48525156 | 338026236606 | 
6917 | 47844889 | 330943097213 | 6967 | 48539089 | 338171833063 | 
6918 | 47858724 | 331086652632 6968 | 48553024 | 338317471232 | 
6919 | 47872561 | 333230249559 6969) 48566961 | 338463151299 | 
6920 | 47886400 | 331373888000 6970 | 48580900 | 338608873000 | 

6971 | 48594841 | 338754636611 
6972 | 48608784 | 3389004 42048 | 
6973 | 48622729 | 339046289317 
6974 | 48636676 | 339192 178424 
| 6975 | 48650625 | 339338109375 
6976 | 48664576 | 339484082176 | 
E977 | 48678529 | 339630096833 | 
| 6978 | 48692484 | 339776153352 | 
6979 | 48706441] 339922251739 
6980] 48720400! 349068392000 
6981 | 48734361 | 340214574141 
6982 | 48748324 | 540360798168 
6983! 48762289 340507064087 
6984 | 48776256 | 340653373904 | 
6985 | 48790225 | 340799721625 | 
6986) 48804196 | 340946113256 | 
6987 | 48818169 341092546803 | 
6988 | 48832144 } 34123.9022272 | 
6989 | 48846121 | 341385539669 | 
6990 | 48860100 | 344532099000 | 
6991 | 48874081 | 341678700271 | 
6992 | 48888064 | 341825343488 | 
6993 | 48902049 | 341972028657 | 
6994. 48916036 | 342118755784 | 
6995) ABGASOES | SERED) 52507ay 
6996 | 48944016 | 342412335936 | 
6997 | 48958009 | 342559188973 [ 
6998 | 48972004 | 342706083992 } 
6999 | 48986001 | 342853020999} 
7000 | 49000000 | 343000000000 | 
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57562569 | 


157577744 
- 57592921 
57 Soba 


2 57023281 


57538464 
57653649 
57668836 


3708 gp 35 


57699216 


57714409 


4132539905151 
430710980608 
430382101377 
431053267464 
431224475875 
431395735616 
43 1567037693 
431738385112 
431909777879 
432081216000 


432252690481 
432424228228 
4325958025 47 
4327074221 44 
432939087 125 
43921870 7apP 
433282553263 
433454354432 
433626201009 
433798093000 
432970030411 
434142013248 
434214041517 
434436115224 
434658234375 
4348303 98976 
435902609033 
435174864552 
435347165539 
435519512000 


435691903941 
4358643 41368 
43503 6824287 
436209352704 
436331926625 
436554546056 
436727211003 


4368 99921472. 


43707 2677469 
437245479000 


437418326071 


-437591218638 


97729604 | 


57744801 
57760000 


437754156857 
4379 37140584 
4381161698765 
438283244736 
433456365173 
438629531192 


438802742799 
438976000000 


Re RRR ae Se se a ease ares 


cr NP OTT EE ES 


R Sq. Cu. 


7651} 58537801 | 447872915451 
7652 | 58553104 | 44804835 1808 | 
7653 | 58568409 | 448224034077 | 
| 7654] 58583716 | 448399762264 | 
7655 | 58599025 | 448575536375 | 
7556 |'58614 336 | 448751356416 | 
7957 | 58626 49 || 448927222393 | 
98644964 | 449103134312 | 
58660281 | 449279092179 
58675 600 | 449455095000 


58690921 | 449631145781 | 
58706244 | 449807241528 
58721569 '| 449983383247 
58736896 | 450159579944 | 
58752225 | 450335804625 | 
58767556 | 450512084296 
7557 | 58782880 | 450688409963 | 
7668 58798224 | 450864781632 
7669 58813561 | 45 1041199309] 
7670 58828900 | 45 1217663000 | 


707% 58844241 | 451394172711 
7674 | 58859584 | 451570728448 
7973 | 58874929 | 451747330217 | 
7974 | 58890276 | 451923978024 
7675 58905625 452100671875 
7676 | 58920976 | 452277411776 
7677 | 589 36329 | 452454197733 | 
7678 | 5895 1684 | 452631029752 
7679 | 58967041 | 452807907839 | 
7980 | 58982400 | 452984832000 | 


7681 | 58997761 | 453161802241 
7682 | 59013124 | 453338818568 
7683 | 59028489 | 4535 15880987 | 
7934 | 59043856 | 453692989504 | 
7885 | 59059225 | 453870144125 | 
7936 | 59074596 | 454047344856 | 
7687 | 59089969 | 4542245 91703 | 
7688 | 59105344 | 454401884672 | 
7689 | 59120725 | 454579223769 | 
7690 | 59136100 | 454756609000 | 


7 Sq. Cu. 


———— 


5601 | 57775291 | 439249302801 
7662 | 577904 | 439322651208 

57805699 | 439496045227 
579203816 | 439669434864 
7ommpee 82525 | 439842970885 
=606| 9795 1236 | 440016501016 
7607 57366449 440 190077543 
7608 57881664 | 440363699712 
7609 | 57896881 | 440537367529 
610] 57912109 | 440711081900 
5611! 57927321 | 440884340131 
7612| 57942544 | 441058644928 
7613| 57957799 | 441232 495397 
76% 4| 97972996 | 44146391544 
7615 | 37988225 | 441580333375 
7616| 58003456 | 4417543208 96 
7617 58018689) 441928354113 
7618| 58033924 | 442102433032 
7619] 98049164 | 442276557659 
7620 580 4400 | 442450728000 


5621] S807 964% | 44252494406 1 
7622 58094884 442799205848 
7623] S841O129 | 442973513367 
7624} 58125376 | 443147866624 
7625| 58149625 | 443322265625 
7626 5°155876 | 443496710376 
58171129 | 4436712 00883 

7628 | 58186384 | 443845737152 
58201641 | 444020319189 
7630 | 18216990 | 4441949 47000 

| Jaz | 58232161 | 444369620591 
| 632 | 58247424] 444544339968 
5633 58262689 | 444719105137 
| 7634 | 38277956 | 444893916104 
| 7635 58293225 | 445068772875 
| 7636 | 98308496 | 445243675456 
7637 | 59323769 | 445418623 853 

7638 | 58339044 | 445593618072 

5639 | $8354321'| 445708658119 

| 7640 | 58369600 | 445943744000 
bar | 599384881 | 446118875721 


6 7601 | So15148i | 4 3 

7641 769% | 5915148 | 454934040378 | . 
7642 Radi pee 7692 591 66864 55111517888 | 
i MPL teg A nnrpetae od 7693 | 59182249 | 455289041557 | 


7644 | 58430736 | 440544545984 
76.45 58446025 446819861125 
7646 59461316 | 446995222136 
76.47 | 58476609 | 447170629023 
7643 | 58491904 | 447346081792 
7649 | §850720% | 447521580449 
7650 | 58522500 | 447697125000 


76941} 59192636 | 455466611384 | 
7695 | §9217025 | 455644227375 | 
7696 | 59228416 | 455821889536 | 
7697 | 59243809 | 455999597873, | 
7698 | 59259204 1456177352392 | 
| 7699 | 59274608 |456355153099 
| 7700 ! §9290000 ‘| 456533000000 


ren rnc nae a RR tt A 
SEAT NNN sa 
NI NWN D ALIA AW 
ON NARS S| QA 
Qin Bw YN Bi} Oo 0 


a CE 0 echt reer Pn SOTTO WOR a FPA 
= copa a natemmemieieidieiehc tie et eae) 


a * > ee ———-. 
. - we ze. : —— -M.7C | 
=  —_ _..-- eon Ae: iilaamemeadié 
| ee ae (ee 
7701 | 59325301 456710893 101 | 9751 | Gao7800r | 465664585751 
7704 59320804, 45688883 24.08 7752 60093504 | 465844843908 
7703 |59336309 457066817927 7753 | 60109009 | 466025 146777 
7704 | 59351616 457244849664 7734 | 60124516} 466205497054 
7795 | 59367025 457422927 625 “758 60140025 , 466385 3933875 
7706 | 59382436 457601051816 7756 60155536 | 466566 337216 
17797 159397849 457779222243 7757 | 60171049 | 466746827053 
7798 |} 59413264 | 457957438912 7758 | 60186564 | 466927363512 
7799 | 59428681 , 458135701829 7759 | 60202081 | 467107946479 
:77 LO | 59444100 | 453314011000 7760 | 60217600 467288576000 | 
‘ 77 EX | 59459524 | 458492366431 | 7761 60233121 | 467469252081 
7712 159474944 | 458670768 128 7762 | 60248644 | 467649974728 
7713 | 59490369 | 458849216097 77.63 | 60264169 | 467830743947 
| F714 | §9505796 | 459027710344 7764 60279696 | 468011559744 
| 7745 | 59521225 459206250875} , 7765 | 60295225 468192422125 
| 7716 | 59536656 | 459384837596 7766 | 60310756 | 46837 3331096 
7737 | 59552089 | 459563470833 7767 | 60326289 | 468554286663 
7718 | 59567524 | 45974215 023 2) 7768 | 60341824 | 46873 5283832 
7719 |5958296% | 4599 20875959 7769 | 60357361 | 468916337609 
7720 | 5959490 | 460099648000 7779 | $9372900 | 469097433000 
7721 | 59613841 | 460278466361 777% 60388441 469278575 011 
7722 | 59629284 | 460457331048 7772 | 60403984 | 469459763 648 
7723 | 59644729 | 460636242067 7773| 60419529 | 469640998917 
| 7724 | 59660176 460815199 424 7774 | 60435076 469822280824 
| 7725 5 9673625 | 460994203125} 1775 60450625 | 470003609375 
| F926 59691076 “461173253176 7975 | 60466176 470184984576 
| 7727 | 59706529 4613523 49583 | 77797 | 60481729 | 470366406433 
| 7728 | 59721984 | 461531492352 | 7778 | 60497284| 470547374952 


77799 \ 60512841 | 470729399139 
7780 60528400] 4.709109 52000 


7781{ 60543961 471092560541 
7782| 60559524 | 471274295768 
7783| 60575089 | 4731455917687 
7784| 60590656 471 637666304 


| 7729 | 59737441 | 461710631489 | 

9739 | 59752900 461889 917009 | 

\7731| 59768361 462069198891 | 

7732| 59783824 | 462248527168 | 

| 7733 \ 59799289 | 462427901837 

am 7734 59814756 | 462607322904 | 

. 7735 59830225 462786790375 | | 7785 | 60606225 | 471819461625 

| 7736 59845696 | 462966304256 | 7786 60621796 | 472001303656 

| 7737 59861169 | 463145864553 : 60637369 | 472183192403 
{ 


| 7738 59876644 463325471272 7788 | 60652944 472365127872 

7739 49892121 463505124419 7789:| 60668521 | 472547110069 

| 72740 | 59907600 | 4636848 34090 7790 | 60684100 | 472729139000 

49941 | 59923081 | 463864570021 7791 | 69699681 | 472911214671 

7742 | 59938564 | 464044362488 7792 | 60715264 | 473093337088 

7743 | 59954049 | 464224201407 7793 | 60730849 | 473275506257 
7744 | 59989536 | 464404086784 7794 | 60746436 | 473457722154 

7745 59985025 | 464584018625 7795 | 60762025 473639984875 
: 7746 | 609005 16 | 464763 996 936 | 7796| 60777616 | 47 3822294336 
| 7747 | 60016009 | 464944021723 7797 | 60793209 | 474094650575 


; - | 7748 | 60031504 | 465124092992 |. : 7798 | 60808804 474187053592 
( = 17749 | 60047001 | 465304 210749 | 7799 | 60824401 | 474369503399 
7750 | 60062500 » 465484375000 7300 60840000 | 474552000900 


‘7801 60355601 
603871204 
‘| 60886809 
60902416 
“| 60918025 
60933636 
60949249 
60 964864 
60980481 
60996100 


| 811 | 61011721 
610273 44 
61042969 
61058596 

61074225 
316 | 61089856 
61105489 
OLi1z1124 
61136761 
61152409 
61168041 
61133684 
61199329 
61214976 
61230625 
61246276 


| 61277584 
61293241 
61308900 


61324561 
61340224 


61371556 
61 387225 
61402896 
61418569 
61434244 
61449921 
61465600 

61481281 
61496964 


8de be 


—— 


61261929 | 


61355889 


61592649! 
61528336. 3 
61544025| 482312576125 
61559716 | 482997531736 
61575409 | 483192234423 
| 61591104) 483366984192 
y | 61606801 | 483551781049 
61622500) 433736625900 


ci" 
474734543401 
474917133603 
475099770627 
475282454464. 
475465185125 


475947962616 
475830786943 


476013658112 


476196576129 


476379541000° 


476562552731 
476745611328 
476928716797 
477151869144 
477295068375 
477478314496 
477661607513 
477244947432 
478028334259 
4782 rt 1768009 
4.73395248661 
478578776248 
478762350767 
478945972224 
479129640625 
479313355276 
479497 118283 


479680927552 
479864733789 


430048687000 
480232637101 
480416534368 
450600678537 


480784769704, | 


480968907875 
431153093056 
481337325253 
431521604472 
4817059307 19 


431890304000: 


482074724321 
482259191688 
482443706107 
482628267584 


| Re » Sg.f | 

oe | gee | | 
483921516051; 
|'48.41705 454208 | 


| 61638204: 
| 61653904 
61669609 
534] 61685316 
61701025 
61716736 
61732449 


61763835 


61779690 | 


7861 | 61795321 


61816769 
51342496 
61858225 
1873956 
6488968 9 
64905424 
6192161 
61936900 

7871 | 61952641 
61968384 
61984129 
61999876 
62015625 
62031376 
62047129 
62062 88.4 
62078 644 
pee 40? 
62110161 
62125924 
62141689 
62157456 
62173225 
| 62188996 
62264769 
62220544 
62236321 
7891 | 62267881 
2 | 62283664 


62315235 
62331025 


62378404 


8.99 |'62394201 | 
‘}62410000 ( 


61743164. 


4857730195381 | 


618i 1044.1 485958427538 | 


486700537896 | 


487071876032 | 


490422422456, 
490609013103 |. 


62299449 


62346816 
7 | 63362609 | 


484291430477 | 
484476471864 | 
48.4661 552275 | 
484846678016 | 

485031851793 

425217072712 
485402340776 | 
485587656000 | 


48614388 4647, 
485329 3885 44 
4365 149396.5 | 


436886183 363 | 


487257 615929 | 
48744340 3030 
487629237311 
487315118348 
483001047617 | 
438 187023 624 
488373046875 | 
488559117376 
4887452351 33 | 
483931400152 | 
489117612439 F 
48 93 038729000 |. 
48959017884 | 
489676532968 
48986293 4387 | 
490049383104 
49023587 9125 


499795651079 | 
49098 2336364 
49116996900, 
4913558 48971 
491542676288 
491729550957 
491916472984 
49 2103442375 | 
492299459 136 | 
49247732 32 fam 
492664534792 | 
49235 1793699 | 
49303 900dac0 | 


‘ a7 se 2 on _ cS . . C same vt view 0 atearet 
4 vx 


Ld 


7M. 9C. 


R Sq. Cu. | R. | Sq Cu. 
7901 | 62425801 | 493226253701 17951 | 63218401. | 502649506351 
17902 | 62443604 | 49341355 4808 7952 | 63234304 | 502839185408 
| 7993 | 62457409 | 493600903327 7953 03250209 | 5030289121977 
| 7904. | 62473216 | 493788299264 7954 | 3266116 |, 503218686664 
7993, 62439025 493975742625 7955 63282025 | 503408508875 
| 7906 | 62504837 | 494163233416 } 7956 | 63297936 | 503598378816 
7907 | 62520649 | 494360771643 7957 | 93313849 | 50378829 6493 
| 7908 | 62536464 | 494533357 312 7958 | 3329764. | 503978261912 
| 7909 | 62552281 | 494725990429 7959 | 3345681 | 504168275079 
791G | 62568100 | 494913671000 7.960 | 63361600 | 504358336000 | 
| 79IE | 62583921 | 495101399031 7961 | 67377521 | 5045 48444683 
17.912 | 62599744 | 495289174528 | | 7962 | ©3393444 | 504738601128 
7913 | 62615569 | 495476997497 | 7963 | 3409369 | 504928805347 
7914 | 62631306 | 4:5664857944 | | 7964 | 63425296 | 505119057344 
| 7215 | 62647225 | 495852785875 | 7965 | €3441225 | 505309357125 
7915 | 62663056 | 496040751296 7966 | 93457156 | 505499704696 
79'7 | 62678880 | 496228764212 7967 | 63473089 | 505690100063 
7918 | 62694724 | 496416824632 | 7968 | 3489024 | 595889543232 
17919 | 62710561 | 496604932559 7969|.63504951 | 506071034209 
7920 | 62726400 | 496793088000 7979 | ©3520909 | 506261573000 
7921 | 62742241 | 496981290961 797%| 63536841 | 506452159611 
7922 | 62758084 | 497169541448 797%, 63552734 | 506642794048 | 
| 7923 | 62773929 | 497357839467 | 7973 | §3568729 |, 506833476317 
| 7934 | 62789776| 497546185024 | 7974 §3584678 | 597924206424 
7925 | 62805625 | 497734578125 7975 | 636006 35 | 50721 4984375 
| 7926 | 62821476 | 497923018776 7976 | 63616576 507405810176 
[7927 | 62837329 | 498111506983 7977 |,63632529 |.5°7596083833 
| 7923 | 62853184 | 498300042752 7978 | 63648484 | 507787605352 
| 7929 | 62869041 | 498488626089 7979 | 63664441 | 507978574739 
| 7930 | 62884900 | 498677257000 7980 | 63680400 | ‘508169592000 
17931 | 62900761 498865 935491 7981 -| 63696361 | 508360657141 
| 7932 | 62916624) 499054661568 7982 | 63712324 | 508551770168 
17933 1 62932489 | 499243435237 | 7983.| 63728289 | 508742931087 | 
17934 | 62948356 | 499432256504 7984 | 63744256 508934139904 
17935 | 62964225 | 499621125375 7985 | 63760225 ..509125396625 
| 7936 | 62980096 | 499810041856 7986 | 63776196 ,509316701256 
17937 | 62995969 | 499999005953 | 7987 | 63792169 ~509508053803 
7938 | 63011844 | 509188017672 7988} 63808144, 509699454272 
7939 | 63027721 | 500377077019 7989 | 63824121, 509890902669 
7942 | 63043600 | 508566184000 7990| 63840100. 510082399000 
7941 | 6305048" | 500755338621 799% |63856081 | 510273943271 
9942 | 62075364 | 500944540888 7992 | 63872064 510465535438 | 
| 7943 | 3091249) 501133790867 7993 | 6388304 9, | 5406 57175657 
17944 | 63107136) 501323088 284 7994 | 63904036 | $10848863784 
17945 | 63127025 501512433625 7995 |'63920025' | 511040599875 
17946 63178916 | 5017018265 36 7996 | 63936016 | 51123 2383936. 
17947 63154809) 501891267123 7997 | 63952009 | 511424215972 | 
79:8 | 63170794| 502080755392 7998 | 63068004 511616095992 } 
17949 | 63186601) 502270291349 | 7999 | 63984.001 | 511808023999 
17950 » 63202500| 502459875000 « 8090) 64900000 | 512000000000 


| houfand 9. Thoufand : Sr 
‘R. | Sq-0gpipeo.y | R, | a Sq. Cu 
Boor | Pat 512193024001 "| ie 64818601 525854556651 
Soom 6403 2004/5 12384096008 8052) 64834704 | 522049036608 
8003 | 64048009 | 512576216027 8053 | 64850809 ' § 22243564877 
8004 64064016 | 512768384064 | $054 64866916 522438141464 
805 | G4 §0025 512960600125 | 8055 | 648 83025 522632766375 | 
$006 | 64096036 513152864216 | | 8056 64899136 | 522827439616 
8007 | 64112049 | 513345176343 8057 | 64915 249'| 423022161193 
8008 | 64128064 §13537530512 S058 | 64931364 523216931712} 
8009 64144081 513729944729 8039 | 64947481 § 23411749379 
3070 | 64160300 513922401000 8060. 64963600 523606616000 
8011 64176131 514114905331. 8061 64979721 523801530981 
8012 | 94192144 | 14307457728 8062 | 64995844 | 5239964943 28 
8013 | 64208169 514500058197 $063 65@11969 § 24.191 506047 
8014 | 94224196 514692706744 $064. 65028096 $24386566144 
Bors | 64240225 514885403375 | | 8065 65044225 524581674625 | 
8016 | 64256256 $15078148096 8066 | 65060356 524776831496 |. 
8017 | 64272289 515270940913 8067 | 65076489 524972036763 
8018 | 64288324 515463781832 $068 | 65092624 ¥ 25167290432 
G019 | 64304361 | 515656670859 8069) 65108761 | $25362592509 
8020 , 64320460 | 51 31 5849608000 3070 | 65124900 525557943000 
S021 | 64336441 §16042593261 Ses is 525753341911 
8022 | 4552484 | 556235626648 $072| 95157184 , 525948789248 
8023 | 64368529 516428708167 807 3| 65173329 | 526144 285017 
8024 Pasi 76 516621837824 8074/ 65189476 526339829224 
$025 64400625 SIO8I 5015625 | 8075|65205625 526535421875 
$026 | 64416676 517008241576 8076 55221775 526731052976 
8027 | 64432729 | 617201515683 | 8077\55237929 } 526926752533 
S028 | 4448794 | 517394837952 | | 807865254084 | 527122 490752 
8029 | 64464841 517588208389 8079/65270241 $27318277039 | 
8030 64480900 $1778162 7000 | 8080 65286400 527514112000 | 
8o31 | 64496961 $17975093791 | | $08; |65302561 527709995 441 
| 8032 | 64513024 518168608768 8082 |55 318724 | $27905927368 | 
8033 | 84529089 518362171937 | | $og3/55334889 528101907787 | 
8034 | 94545156 518595782304 8084 |95351056 | 528297936704 | 
8025 | 94501225 518749442875 8085/65 357225, 52349414125 | 
$036 | 64577296 518945 150656 8086] 69383395 528590140956 
8037 | 64593369 | 519136906653 8087 meee 528886314503 
8038 | 64609444 | $193 30710872 8088) O54 15744 | 529982537472 
8e39 64625521 519524563319 8089/ 65431921 529278808959 
8040 | 64641600 519718464000 8090) 95448100 529475129000 
8041 | 64657681 S19912 412921 8091| 65464281 52 29671497571 
8042 | 64673764 520106410088 8092) 65480464 5 29867914688 
| 8043 64689849 | 520300455507 8095} 65456649 | 330064380359 
» 8044 | 64705936 $20494549184 8094] 65512836 5 30260894584 | 
8045 | 64722025 520688691125 8095| 65529925 530457457375, 
8046 | 64738116 520882881 336 8096] 65545216 530554068736 
8047 | 64754209 | 521077119835 8097) 65552409 | 530850728673 
$048 | 64770304 5 21271406592 | | 8098! 65577604 §3 1047437192 | 
| 8049 | 64786401 521465741649 | 8059) 6539380r | 531244194299 
| 8050 64802500 521660125060 } 3100 65 Yeiddos| 
f 
ee ee eee 


h) 


5 31441000000 | 


8126 
§ 127 


8128 | 
| 66080641 


hes 
$150 
= 
| 8132 
| 8133 

8134 

$133 


65626201 
65642404 
6555 8609 
65676816 


65691025 


65 707236 
65723449 
65739064 
65755981 
65772100 
65788321 | 
65804544 
65820769 
65836996 
65853225 
65869456 
65885689 
65901924 
65918161 
65934400 


65950641 
65966884 
65983129 
65999376 
66015625 


66096900 


6GI131G61 
66129424 
66345689 
66161956 
66178225 
66194496 
66210769 
66227044 
66243321 
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8628 | 74442384 | 642288389152 8678 | 75307684 | 653520081752 
8629 | 74459641 | 642512 2421 89 8679. | 7§32504% | 65 3746030839 
4539 | 74476900 | 642735647000 | | 8680 | 75342400 653972022000 
863% ' 74494161 642959102591 BOS) 19 kT 654198 08424E 
$632) 74511424 | 643182611968 | 8682! 75377124 6544241905 68 
8633 | 74528689 | 643406172137 8683 | 75394489 | 654650347987 
8634 | 74545956 | 643629784104 8684 | 75411856 | 654876557504 
8535 | 74563225 | 643853447875 | | 8685 | 75429225 | 6551023819125 
8636 | 74580496 | 644077163456 8686 | 75446596 | 655329132856, 
8637) 74597799 | 644300950853 8687 | 75493959 | 655555498703 | 
8638) 74615044 | 644524750072 8688 | 75481344 | 655781916672 
8639 | 74632321 | 644748621119 8689 | 754987214 | 656008386769 
8640 | 74649600 | 644972544000 8690 | 75515100 | 65623490¢000 
8641 | 74666881 | 645196518721 860% | 75533484 | 656461483371 
8642 | 74684164 | 945420545288 8692 | 75550864 | 656682109888 
8643 | 74791449 | 645544623707 8693 | 75568249 656914783537 
8644 | 74718736 | 945868753984 8694 | 755 85636| 657741519334 
8545 | 74736025 | 646092936125 | | 8695 | 75603625 | 657368302375 
86.46 | 74753316 | 646317170136 8696 | 15620416 |:65759513 7536 
8947 | 74770609 | 646541456023 8997 | 75637809: 657822024873 
$648 | 74787904 | 646765793792 $698- 759$5204)| 358048964392 
8649 | 74805201 | 646990183449 8699 17567 2601 | 658275956099 
8650| 74822500 | 647214625000 | | 8700! 75690000) 658503000000 ' 


2g 


—— 


735797401 
757 24.004 
75 742209 
73759615 
75777925 
75734436 
75 811349 
75829264 
75846681 
75804100 


TS38i5 21 
75898944 
75917869 
75933796 
75951225 
75958656 
75986089 
79003524 
75020961 
7903Sa00- 


75035841 
7607 3284 
750907 29 
76108176 


5725, 79125625 


76143076 
76160529 
76177984 
79195441 
76312900 


eee 


76230361 
76247824 
| 76265289 
76282956 
76300225 
79317596 
75335169 
79352644 
76370121 
75387600 
76405081 
7 64,22 564, 
76440049 
79457536. 
76475025 
79492516 
765 10009 
76527504 


76545001, 
76562500 


8.M.7 (. 

S| ee a 
658730096101 8754 | 75580001 670151588754 
6§895 7244408 8752 | 79597504 | 970381355008 | - 
659184444927) 8753 | 76415009 670611173777 
659411697664 S75q 79932515 | 970841045 064 
659539002625 | 1 8755 | 79959025 | 9710709538 75 
659856359816 | | 8756 | 79967536 | 71300945216 
60093769243 9757 | 70685049 97153. 974093 
660321230912 8758 | 79702564 | 671761055512 
660548744839 8759 | 79720081 | 671991189479 
660776311000 $760 | 86737600 | 672221376000 
661003929431 8764 767 55121 | 67245161 5081 
scrpgucodi@e 8762 | 79772644 | 672681906728 
651459323097 8763 79790169 | 672912250947 
661687098344 8764 | 75807696 073142647744 
661914925875 8765 79825225 673373097125 
662142805696 8766 | Ls ie ©7 3603599096 
662370737813 8767 | 76860289 | 673834153663 
662598722232 8768 | JOR Tae a 074064760832 | 
662826758959 8769 | 76895451 | 674295420609 
663054848000 877° Jistaegs* 67452613 30c0 
663282989361 8771 | 7693944" | 674756898015 
663511183048 8772 | 799479. 674987715648 | 
663739429067 5773 sr O7 5218585 917 
663967727424 8774 | 79993070 675449508824 
664196078125 8775 res 675680484375 
664424431176 8776 | 77919176.1.67591 1512576 
664652036583 8777 | 77935729 | 676142593433 
664881444352 [ | 8778. | 77953284 | 676373726952 
665110004489 8779 | 77970841 |\6766.04913139 
665238617000 8780 | 77988400 676836 152000 
6655672818y1 8781 P7pehso? GReaaaes 
663793999158 f | 8782 77123524 | 677298787768 | 
666024768337 8783 | 77141089 5775 30184687 
666253590904 8734 | 77158055 | 677761634304 | 
666482465375 | | 8285 | 77475225 677993136625 | 
666711392256. | | %786 77193799 | 6782 24691656 | 
666940371553 8787 | 77211369) 678456299403 
667169403272 8788 | 77228944 | 678687959872 
667398487419 8789 | 77246521 | 678919673069 
66762 7524000 8790 | 77264100 [679151439000 
667856813021 8791 | 77281681 | 6793383257671 
668086054488 8792 | 77299264 |'679615129088 
668315348407 8793 | 7:7 316849 | 67984705 325:7 
668544694784 8794 | 77334435| 680079030184 
668774093625 3795 | 17352025.) 680311059875 
669003 §44936 8796 | 77369616 | G805 43 142336 
669233048723 8797 | 77387209; 680775 277573 
669462604992 8798 | 77404804 | 681007465592 | 
669692213749 8799 7742240" | 68 1 239706399 
669921875000 | 


8800 177440009 |-681472008005 


——-— 


8.M SC. 8. MBC. 8g! 
;R. | Sq. Cu. Re” lee Gs Cu. 
S804 | 77457508 | 981704346401 88 51 | 78340201 693389119051 
8302 | 77475 204 | 682936745608 8852 | 78357904 | 693624166208 
5803 | 77492809 | 682159197627 8853 | 78375609 | 593859266 497 
8804 | 77510416 | 682401702464 | | 8854 | 783933r6 | 694094419864 
S80 | 77528025 | 682634260125 8855 73411025 094329626375 
8306 | 77545636 | 682866870616 8856 | 78428736 | 694564886 016 
18807 | 77563249 | 6820995 33943 8357 | 78446449 | 6948001 98793 
8808 | 77582864 | 633332a;0m12 | | 8858 | 78454164 | 695035564712 
8809 | 77598481 | $8356s019129 8359 | 73481881 | 695270983779 
8810 | 77616100] 683797841000 8860 78499600 | 69550645 6000 
S811 | 77633721 | 68403071573! 8861 | 78517324 | 695741981381 
8812 | 77651344 | 684263643328 S862 | 78535044 | 695977559928 
8813 | 7766x969 | 984495623797 8863 | 78552769 | 696213191647 
8814 | 77686596 | 684729657144 | | 8864) 73570496 | 696448876544]. 
8815 | 77704225 | 684962743375 | | 8865 | 78588225 | 696684614625 
8816 | 77721856 | 685195882495 | | 8866 | 78505956 | 696920405896 
8817 | 77739489 | 685 429074513 8867 | 78623689 | 697156250363 
8818 | 77757124 | 635662319432 8868 | 78641424 697392148032 
8819 | 77974761 | 685895617259 8869 | 78659161 | 697628098909 
8820,| 77792409 | 686128948000 | | 8879 | 78676900 | 697864103000 
rr 77810041 | 686362371661 8871 | 78694641 | 698100160311 
$e 77827684, | 686595828248 8872 | 78712384 6983 362708 48 
9 77345329 | 686829337767 8873 | 7873 0129 6985724 34617 
33 +t | 77862976 687062900224 8374 | 78747876 69880865 1624 
a, 77880625 | 687296515625 8875 78765625 | 699044921875 
8826 | 77898276 | 6875 30183976 8376 | 78783375 | 699281245376 | 
8827 | 77915929 | 687763605283 8877 | 78801129 | 699517622133 
3828 | 77933584 | 687997679552 | 8878.) 783818884 | 699754052152 
8329 | 77951241 | 688231506789 8879 | 78836641 | 699990535439 
8836 | 77968900 | 688455387000 | | 8880 } 78854400 | 70022 7072000 
8331 | 77986561 | 688699320191 8881 78872161 weeds | 8.41 | 
8832 | 78004224 | 688933306368 8882 | 78889924 | 700700304968 
8333 | 78021889 | 689167345537 3883 | 78907689 | 700937001387 
8834 | 78039556 | 689401437704 | | 8884 | 78925456 701173751104 
8835 | 7805 7225 | 689635582875 | | 8885 | 78943225 | 7orglossqi25 
8836 | 73974896 | 689859781056 8886 | 78960996 ‘ 701647410456 
8337 | 78092569 | 690104032253 8837 78978769 | 7018843 20103 
8338 | 78410244 | 6903 38339472 8888 | 78996544) 702121283072 
8339 | 75127921 | 690572693719 8889 79014321 | 702358299369 
8840 | 78145600 | 690807104000 8890 | 79032500 *7925953 69000 
S841 | 78163281 | 691041557321 8891 | 79049881 1 70283 2491971 
8842 | 73180964. 691276083638 8894 7 eed Touma 
8843 | 78193649 | 691510653107 | | 8893 | 79085449 | 703 306897957 
8844 | 78216336 | 691745275584 8894 |. 79103236 703544180984 
8845 | 78234025 | 691979951145 | | 8895) 794at02s | 703781517375 
8846 | 78251716 | 692214679736 8896 | 79138816 | 7040189071 36 
8847 | 78269409 | 692449461423 8897 | 79156609 | 704256350273 
8848 | 78287104 | 692684296192 8898:1'7917.4404 | 704493846792 
8849 | 78304801 | 692919184049 | | 8899 |.79192201 | 704731396699 | 
8850| 78322500 | 693154125000 8900 | 79210080 | 704969000000 b 


8.M 9C- 8.M. oC. 

Sq. Cu. - (AR. eG. _ a. 
79227801 | 705206656701 | 8951 | 80120401 | 727157709351 | 
79245604 | 705444366808 8952 | 80138304 | 717398097408 
79293409 | 705682130327 |- | 8953 | 80156209 | 717638539197 
79281216 | 705 919947264 8954 | 80174116 | 717879034664 
79299025 | 706157817625 8955 | So1g2025 | 718119583875 
79316836 | 706395741416 8956 | 80209936 | 718360186816 
| 79334649 | 706633718643 | | 8957 | 90227849 | 718600843493 
79352464 | 706871749312 | | 8958 | 0245764 | 718841553912 
79370281 | 70730983 3429 8959 | 80263681 | 719082318079 
79388100 | 7973 47971000 8960 | 80281600 | 719323136000 
79405921 | 707586162031 8961 | 80299521 | 719564007681 
79423744 | 707824406528 8962 | 80317444 | 719804933128 
79441509 | 708062704497 8963 | 80335369 | 720045912347 
79459396 | 708303055944 | 8964 803 53296 720286945 344 
79477225 7085 39460875 8965 | 80371225 720528032125 
79495056 | 708777919296 8966 | 80389156 | 710769172696 
79512889 | 709016431 213 8967 | 80407089 | 721010367063 
79530724 | 709254996632 | | 8968 | 80425024 | 721251615232 
79548564 | 709493615559 | | 8969 | 80442961 | 721492917209 
79566400 | 709732288000 | | 8970 | 80450900 | 721734273000 
79584241 | 709971013961 8971 | 80478841 | 721975682614 
79602084 | 710209793448 8972 | 80496784 | 722317146048 
79619929 | 710448626467: 8973 | 80514729 | 722458663 317 
79637776 7106875 13024 8974 | 805 32676 | 722700234424 
89655625 | 710926453425 | | 8973: 80550625 | 722941859375 
| 79973476 | 741165446776 8976 | 80568575 | 723183538176 
79693329 | 711404493983 8977 | 80586529 | 7234252708 33 
}|-79709 18.4 | 711643594752 | | $978 | 80604484 | 7236670573 52 
797%TO4I | 711882749089 ce 80622441 | 723908897739 
ZOTAA IO? | TAPIPADS TO |. | S98) BUSCA eee 
79762761 712361218491 | 8981 | 80658361 724392740141 
79780624 | 71260053 3568 8982 , 80676324 | 724534242168 
79798489 | 712839902237 8983 | 80694289 | 724876798087 
79816356 | 713079324504 8984 | 80712256: 725118907904 
79834225 | 713318800375 || 8985 | 80730225 | 725 361071626 
79852096 | 713558329856 | | 8986 | 80748196 725603289256 
79869999 | 713797912953 3987 | 80766169 | 725845560803 
79887844 | 7140375 49672 8988 | 80784144 | 726087886272 
| 799C5724 | 714277240019 8989 | 80802121 | 7263 30265669 
| 79923600 714516984000 8990 - 80820100 726572699000 
79941481 | 714756781621 3991 80838081 726815186271 
79959364 | 714996632888 8992 | 80856064 | 727057727488 
43-| 79977249 | 715236537807 $993 | 80874.049 |: 7273003 22657 
“| 79995136 | 715476496384 | | 8994) 80892036) 727542971784 
80013025 | 715716508625 8995 | 80910025 9797785674375 
89030916 | 715956574536 8996 | 80928016 778028431936 
80048809 .716196694123 | | 8597 30946009| 778271242973 
80096704 | 716436867392 | 8998 | 80964004] 778514107992 
80084601 | 716677094349. | | 8999 | 80982001 | 778757026999 
80102500 | 716917375000, |. |, 9000 | 81000000! 72ye00000000 


9049 |8 1884401 | 740971944649 
go50 31902500 | 741217625 000 


9. M. 9.M. 91 
R. | Sq. | Cu. Re Sq) Cu 
goo (81018003 729243037001 9051 | 84920601 | 44146 eo oe 
50a Tl er 9052 | 81938704 Piya ool 
9003 [81054009 | 729729243027 9053 | 81956809 741954991877 
go04 [81072016 | 729972432064 | | 9954/ 81974916 742200889464 
9005 S10g002§ 730215675125 9055 | 81993025 742446841375 | 
906 |81 108036 730458972210 9056 | 82011136 742692845616 
9007 |81126049 | 730702323343 9957 | 82029249 742938968193 | 
9008 |81144064 | 730945728512 | | 9058 | 82047364 | 745135095 129 | 
9009 [81162081 | 731189187729 9°59 82065481 743431192399] 
9010 |S1 180100 | 731432701000 9°60 | 82083600 7436774136000} 
| ee = re a 
Gord Br 19812t | 731676268331 | | go6r | 83101721 | 743022693087 | 
9012 |31216144 | 731919889728 9062 82119844 744170026328 | 
9013181234169 | 732163565197 | | 9063 | 82137969 7444164130471 
9014 81252196 | 732407294744 | | go64 | 82155095 74496285 4 144 
GOTS |N¥270225 | 732651078375 9065 | 82474225 744909349625 
9016 8128256 | 732894916096 | | 9066 | 54492356 | Fae sego0 ce | 
9017 |81306289 | 733138807913 9067 $2 21048 9 745 4025 03763 | 
GOB 181324324 | 733382753832 9068 | 82208624 745 5491 62,43 2| 
919 |81342361 | 733626753859 | ) g069 | 92246764 743895875 509 | 
|9020 |81360400 | 733870808000 9070 | 82264900 749142643000} 
er 31378441 | 534114916261 9071 82283041 7463 89464911 | 
gon 81396484 | 7343 50078648 9072 82301184 745636341248 
9023 |91414529 734603 295167 9073 82319329 | 746883272017] 
goad |P1432576 | 734847565824 | | 9074 | 82337475 | 747130257224 
9025 ae 735091890625 9075 se 747377296875 
19026 81468676 | 720336260576 9096 | 92373779 | 747624390976 
| gory (81486729 Doe Rogol; ie 82391989 | 7478715395 33 | 
| 9028 |41 504784 | 735825180952 | | go78 | 82410084 | 748118742553) 
9029 84522841 736069731389 9079 | 82428241 | 748366000039 
59030 815 40900 73634327000 | 2022 | ssdgadoo 748613312000] 
9031 \815 58961 Sars | 9081 , 82454561 | 748860678441 | 
9932 \51579024 | 736803680768 | | 9082 | 82482724 | 749108099368} 
9033 |8t595089 737048438937 9083 | 82500889 | 749359574787 
9034 181613156 737293251304 9084 | 82519056 | 749603104704 | 
9045 [81531225 1737538117875 || 9085 | 82527225 | 749850689125) 
19235 |81649296 | 737783038656 9086 | 82555396 | 750098328056) 
gar 81657369 | 738028013653 9087 | 82573569 | 750346021503 | 
[9938 (31685 444 | 738273042892 9088 | 82591744 75°593769472 | 
[9939 |\81703521 | 738513126319 9089 | 82609921 | 750841571969 | 
90.40 8172,1600 733763 264000 9090 | 82628100 751089429000 | 
9041 [81739681 | 739008455921 | | 9091 | 82646282 | 751337340571) 
ss 81757764 739253702688 gog2 | 82664464 751585 30G088 hi, 
9043 81775849 739499002507 9°93,| 82682649 751 33327357, 
goqq |94793935 739744357184 | | 9094 | 82700836) 75 2081402584 | 
904s [84812025 | 739989766125 | | 9095 | 82719025 | 752329532375 | 
9046 818 30116 | 740235229336 9096 82737216 752577716736) 
9047 [81848209 | 740480746823 9097 | 82755409) 752825955673 
9048 |8! 866304 | 7407263 18592 | | 9098 |. 82773604] 753074249192 


| 82791801 
| 82810000! 753571000000 


| 75332 2597299 


92 10. Ihoufand. to. Lhoufand. 

RK, | Sq: Cu. | Keates oe 

'g101 | 82823203 | 753819457301 915% | 83740801 | 795312069951 

gto | 82846404|-754067969208 | | 9102 | 83759104 | 756563319808 
| 9103 | 82864609'|.7543165 35727 | | 9153 | 83777409 | 756814624577 
9104 82882816 | 754565156864 9154 | 83795716 | 7°706 5984264 
/g105 | 82901025 |'754813832625 9438 Sate 767337398895 
9106, 82919236 | 755062553016 | | gty6 | 83832336 | 797568568416 
| 9107 | 82937449 | 755321348043 | | 9157 | 83850649 | 767820392893 
9108 | 82955564 755560187712 | | 9158 | 83868964 76NOTI972312 
igrog , 82923881 1 955809082029'| | o1sg | 83887281 | 70932300667, 
lg 110 82992100 75605803 1060 | 9160 | 83905600 768575296000 
QUILL | 83910324 | 756307034631 i 83923921 | 768827040281 
9112 | 83028544 | 756556092928 | | 9162 | 83942244 7699788 3.9528 
9113. 83046769 75 6805 205897 9153 |- 83960569 | 799330693747 
9114 | 83064996 | 757054373544 | | 9164 | 83978896 | 769582602044 
|9tty | 83083225 | 7573035 95875>| | 9165 | 83997225 | 7998345 67125 
19116, S3101456 7575 $2872896, | 9166 | 84015556 | 779086586296 
1117 | 83119689 | 757802204613 9167, | 84033889 | 779338660463 
9118) 93437924 +-758051591032,1 | 9168 /84052 224 | 77059078963 2 
15119, 83156161 | 758301032159 9169 | 84070561 | 770842973809 
9120 | 83174400 | 7$855052800q | |. 9170 | 84088900 774095213000 
9121 | 83192041 | 758800078561 9ATZE |. 84107241 | 771347507211 
19122 | 83240884 | 759049683848 | | 6172| 84125584 | 771599856448 
9123 |. 83229129 |,759299343867, | | 9173.) 8 4143929 | 77 1852260717 | 
9124.) 93247379 1.7495 49058624 | | 9174 | 84162276 | 772104720024) 
9125, | 83265625 1959798828125. | | 9.175.) 84180625 | 772357234375 | 
19126 | 83283876 | 760048652376 | | 9176 | 84198976 | 772609803776} 
loz | 83302129 | 7002985 31383 | | 9177 4217329 | 772862428233) 
19128 | 83320394 | 760548465153] | 9173, 84235684 | 773115107752] 
191291 83338641 | 76079845 3689 9179 84254041 | 773397842339) 
int 39. | 83359900 | 761048497090 9189 | 84272400 | 773620632000) 
943% | 8337516 (761298595001 | | 91dt | 84290761 | 773873476741 | 
(9132) 83393424 | 761548747968 9182 | 84309124 |} 774426376568} 
19133) 83411089 1761798955637 | | 9183 | 84327489 1774379331487] 
19134.) 834299595 | 7620492 18104 9134 | 84345856) 774932341504| 
9135) 83448225 1762209535375 | | 9185 | 84564225 | 774885406625 | 
(9136 83496496 1752549907456 | | 9186 | 84382596| 7751385 26856) 
19137 | 83484759 | 76280033 4353 9187 | 844co969 | 775391702203 | 
60138, 83503044 | 793050816072 9188 | 84419344 | 775944932672 | 
(9439, 83521329 | 763301352619 | | 9189) 84437721 775898218269] 
p 2140) 93539600 1763551944000 | | 9190 | 84456100 776151559000} 
QOTAL | 83557881 | 793802590221 9191 (84479481, 776404954871 | 
9142 | 83576164 | 764053291288 9192 | 34492854 | 776658405888 | 
9443 | 83504449 | 764304047207 | | 9193 | 84511249, 77691191 2057| 
9144 83612736 | 7045 54857984 91.94 | 84$29636 | 777165473 334] 
9145 | 8363 1025.) 764805723625 | | 9195 | 84548025 777419089875} 
9146 83649316 | 765056644136 9196 84566416 | 777672761536 

9147 | 83667609 | 765307619523 | | 9197 | 84584809! 7779264883 73 

9148 | 83685904 | 765558649792 9198 | 84603204 778180270392 

9149 | 83704201 | 765809734949 | | 9199] 84621601 | 778434107599 

9150 | | 9200184640000) 778688000000 


83722500 | 766060875000 


84658401 
84676804 
84695209 
84713616 
84732025 


84750436 | 


84768849 


__ Cu 


778941947604 
779195950403 
779450008427 
779704121664 
779958290125 
780212513816 
780466792743 


ores 
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325949916 


318055 | 22 225983025, 


18056 | 326019736 


1£057 22605 $249 


18058 
13059 
1 $060 
ea 


18061 


18062} 
3 | 326271969} 


18066 
18067 
I806h 
t 8069 
18070 
12077 
18072 
1$073 
18674. 
18075 


18076 
18077 
18073 | 
18079 
18080 
1081 
13082 
18083 
18084 


r8085 


18086 
18087 
18083 
18o89 
18090 


ene 
oe 4 


18091 


18092 


18093 
18094 
18095 
78095 
18097 


326091364 
32612748; | 
326163600 


326199721 | 
326235844 


326308096 | 


G5 | 326344225 


326380256] 
326416489 
326452624} 
326 54889Cy 
32 326524900 


326561041 
326597184 
326633229 
326669476 
326705625 


326741776 | 
326777929 
326814084 
326855247 
326886400 


326922561 
326058724 } 
326994289 
327031C56 
327067225 
327103396 
327139569 
327175 744 
327211921 
327248100 


327284281 
327320464 
327356649 
327392836 
327479025 
32746 5216 
327501409 


18098) 327537604 
18099 | 327573801. 
1£10y.| 327610000 


18 MM. 1 igMien 1. 18 MU. 2 (. 
R Sq. jae R. _ 2 ae 
x 8101 | 327646201 329458S8or 18201 | 331276401 
18102] 327682404 329495104 13202 | 331312804 
$103 | 327718509 32.95 31409 18203 | 331349209 | 
r8104/ 327754816 ne 18204 | 331385616 
rS1C5| 327791025 329604025 18205 | 331422025 
18106 327827236 329640336 18206 | 331458436 
18107 | 327863449 329676649 18207 | 331494849 
18108 327899664 329712964. 18208 331531264 
18109} 327935881 329749281 1$209 | 331567581 
18110} 327972100 epcerose || || “Fate 28 eames 
28x11 | 328008321 329821921 T8211 | 331640521 
r8rrz 328044544 329858244 18212 331676944 
18173 328080769 329894569 | 18213 | 331713369 
1811 328116996 3299 30896 18214 1331749796 
mrss | 328153225 329967225 18215 | 331786225 
18116 | 328189456 330003556 18216 | 331822656 
18117 | 328225689 332639880 18217| 331859089 
18178 | 328261924 ‘| 3300763 2% 18218 | 331895524 
18119 | 328298161 (3301r2561 18219 | 331931961 
18I20 328334400 -330%48900 18220 | 331968400 
18127 | 328370641 330185241 18221 |.33200484r 
18122 | 328406884 | 330221584 | 18222.) 332041384 
18123 | 328443129 330257929 18223 | 332077729 
18124 | 328479376 330294276 18224 | 332114176 
1Si25 328515625 15.1 3379330625 | 18224 3321 50625. 
se | 329 HSO25 Dae Rew’ co 
18126 | 328551876 1330366976 | 1822.6.) 332187076 
18127 | 328588129 | | 330403329 . 18227.| 332223529 
18128 | 328624384 | 330439684 | | “18228|332250584] 
18129 328660641 1.3304 76041 q 18229 332296441 
ese 328696909 330512400 18230 | 332332900 
18131 | 328733161 330548761 18231 [332369361 
18132 | 328769424 330585124 | 18232,| 332405824 
18133 | 328805689 330621489 |) | 18233 332442289 
18134) 328841956 330657856 | 18234 ]332478756 
16135 328878225 330694225 18235 332515225 
£8136 | 328914496 330730596 18234 | 332551696 
18137 | 328950769 339766969 1333713325881 6g 
18133 | 328987044 330803344 18238] 332624644 
£8139 | 32902 3321 330839721 18239) 332661121 
¥8140| 329059600 330876100 18240] 332697600 | 
18141 | 329095881 330912481 18241 | 332734081 | 
18142 | 329132154 | 330948864 18242 3327705 64 
18143 | 329168449 330985249 © 18243] 332307049 
18144 | 329204736 331021636 » 182.44.| 332843536 
E8145 | 329241025 331058825 18245 | 332880025 | 
18146 | 329277316 331094416 18246 332916516} 
18147,| 329313609 331130809 18247 | 332953009 
2843 | 329349904 331167204 18248 | 3329389504] 
18149 | 329386201 331203601 13249 | 333026001 
| r8rso0 } 329422500 | 18200 | 331240000 18250 | 333062500 


LS § 


ii 
t 
q 
} 
‘ 


18296 
18297 | 334780209 


18298 


18299 
18300 


333099001 
333135504 
3 33172009 
333208516 
eee Ole 
333281536 
333318049 
333354554 
33339105! 
333427600 
333464121 
333500644 
333537199 
333573696 
333610225 
333646756 
333683289 
333719824 
333756361 
333752900 


333825441 
333965984 
333902529 
333939076 
333975625 


334012176 
334948729 
3 34085 284 
334121841 


os 


334194961 
334231524 
334268089 
334304656 
334341225 
334377796 
334414369 
334459944 
334487521 
334524100 
334560681 
334597264 
334633849 
334670436 
334797025 
334743616 


33481 6804 
| 334853402 
334890000 


334158400 | 


eer rr nn nr EE FL TT TE I 
: : 


rere een 


cated 


18, 3 uly. 18 M. 3 (¢. 
Ka So. we Sq. 
18301] 334926601 18251 | 336759207 
18 302] 334963204 | 18352 | 336795904 
18303 | 334999809 18353 | 339832609 
18304 335026416 18354 3362869316 
18305 | 335073025 18355 | 339906025 
18306 | 335109636 18356 | 336942736 
18307 | 335146249 - 18357 | 336979449 
18308 | 335182864 13358 | 337016164 
18309 | 335219481 183.59 | 337052881 
18310 | 335256100 18360 | 337989600 
18311 | 335292721 18361 | 337126321 
18342 | 335329344 18362.) 337163044 
18313 | 335365969 18363 | 337199769 
18314 | 335402596 18364 | 337236496 
18315 | 33543922 18365 | 337273225 
18316 | 335475856 18366 | 337399956 
18317 | 335512489 13367 | 337346689 
18318 | 335349124 18368 | 337383424 
18319 335585761 18369 | 337420161 
18220 | 335522400 18370 | 337456900 
TR321 | 335659041 18371 | 337493441 
13322 | 335695684 18372 | 337530384 
18323 | 335732329 18373 | 337567129 
18324 | 335768976 1837413 37603876 
18325 | 335805625 18375 | 337640625 
18326}335842276 18376 | 337677376 
183 29'| 335878929 18377 | 337714129 
18328 | 335915 584 18378 | 337750884 
18329 | 335952241 18379 | 337787641 
18330 | 335988900 18380 a] ae 
18331 | 336025567 1838: | 337861168 
18332 | 336062224 18382 | 337897024 
18333 | 336098889 18383 | 337934689 
18 334 336135556 18334 337971456 
18335 3 6172225 13385 338008 O25 
18336 3 38 208896 18386 | 338044996 
18337 | 330245569 18387 338081769 
18338 | 336282244 18388 | 338118544 
18339 | 336318921 18389 | 338155321 
18340 | 33635 5600 18390 | 338192100 
18341 | 336392281 18391 338228881 
18343 | 336428964 38392 | 338265664 
18343 | 336465649 18393 | 338302449 
18344 | 336502336 18394 | 338339236 
18345 | 336539025 18395 | 338376025 
18346 | 336575716 13396 338412816 
18347 | 336612409 18397 | 338449609 
13348 | 336649104 18398 | 338486404 
183409 | 336685801 18399 | 338523204 
18350 | 336722500 18400 | 338560000} 


: ||. i 


gisecifeepale seeuleceesleees seee es |S ce eueess Fie Beesley: 


18s Ce 18M. 4 c: 


O 3 


18 M1. 5 C. 15> 
R. Sq. Sg Sq. 

18401 | 33859680r 340439401 342287001 
18402 | 338633604 349476304 342324004 
18403 | 338670409 340513209 342361009 
18404 | 338797416 | 349550116 342398016 
18405 | 338744025 | 340587025 342435025 
18406 | 338780836 340623936 342472036 
18407 | 338817640 | 340660849 | 342509049 
18408 | 338854454 340697764 342546064 
r84r9| 338391281 | 340734681 342583081 
18417 338964921 | 340808521 342557121 
418412 | 339001744 340845444 342694144 
18413 | 339938569 3408823609 342731169 
1841.4] 339075396 340919296 342768106 
18415 | 339112225 340956225 342805225 
zou G| 399149056 340993156 342842256 
1§417} 3391858389 341930089 342879289 
18418) 339222724 341067024 342916324 
1841091 339259561 341103961 342953361 
pee eee 72 | 341140900 94392 
18421 | 339333241 341177841 343027441 
18422 | 339370084 341214784 343064484 
18423 | 339406929 341251729 343101529 
18424 | 339443776 341288676 | ‘| 343138576 
18425 339480625 341325625 343175025 
18426 | 339577476 341362576 j | 343212676 
18427 | 339554329 11341399529 343249729 
13428 | 339591184 341436484 343286784 
18429 | 339628041 341473441 343323841 
18430 | 339664900 0 | 341 510400 343360900 
18431 | 339701761 341547361 34339796 
18432 | 339738624 341 584324 34343 5024 
18433 339775489 341521289 343472089 
18434 | 339812356 | 341658256 343 509156 
18435 | 339849225 341695225 343946225 | 
18436 | 339% 86096 341732196 343583296 
18437 | 339922969 "341769169 343620369 
18438 335959844 3418c6144 343657444 
18439 | 339996721 | 341843221 343694521 
184406 | 340033600 341880106 13540 | 343731600 
| £8441 | 340070481 | 341917081 343768681 
18442 | 340107364 341954064 343805764 
18443 | 340144249 341991049 343842349 
18444 | 340181136 "| 342028036 343379936 
18445 | 340218025 42 065035 343987029 
18446 | 340254916 | 342102076 343954116 
18447 | 340291809 } 3421 3.9009 343991209 
18448 | 3403 28704 342176004 344928304 
18449 | 349365 Ge ‘| 342213001 3440965461 
18450 | 340402500 342250000 344192500 


344159601 
344176704 
344213809 
344250916 
344290025 
344325136 
34.4 362249 
344399364 
3444364381 
i ah atl 


344 5TO721 
344547844 
344584969 
344022096 


34405 9225 


344696356 
344733489 
344770624 
344807761 


2 | 34484-4900 
344882041. 


344919184 
344956329 
344993476 
345030625 
me PPPs} 
345067776 
345104929 
345142084 
345179241 


3452164c0 


3452593561 


345290724 


345327889 
345355056 


| 345402225 


345439396 
345479569 
345513744 
345550921 
345 588100 


———— 


345625281 
345662464 
345699649 
345736836 


ERD | 345774025 


34581216 
345848409 


34.5885 604 


345922801 
34596C000 


346034404 
346071609 
346108816 
346146025 
346183226 
346220449 
346257664 


9| 34649488 


eae P Lee 


346369321 
3464065 44 
346443769 
346480996 
346518225 
349555456 
346592689 
346629924 
3466771 61 
346704400 
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346741641 
346778884 
340816129 
34.685 3376 
346890625 
346927876 
346965129 
347002384 
347939641 
347076900 


347114161 
347151424 
347188689 
347225956 
347263225 
347300496 
347337769 
3473 75044 


(347412321 
347449600 


18641 [347486881 
18642 347524164 


18643 
18644 


18645" 


347561449 
347598736 
347636025 


18646 | 347673316 
13647 .|:347710609 
18648 | 347747904 
18649.|347785 201 
18650 | 347822500 


2} 347897108 


| 348942400 


| 345017124 


TD sss ba 0k) 
1349540416 | 


347934409 
347971716 | 
343909025 | 


pean 


348045336 | 
3481 a0962 | 
345158284 | 
343195600 | 


348494224 
348531561 
348568900 


34860624; 
348643584 
343680929 
348718276 
348755625 
348792976 
348830329 
348867684 | 
348905041 


348979761 


349054489 
349091856 
349129225 
349166596 
349203969 
349241344 
349278721 | 
349316100 
349353481 
349390864 
349428249 
349465 636 


349577859 | 
349615204 
349652601 


18700 |'349690000} 


18 WM. 7 6 18 MM. 7 (. 18 WM. 8 
R Sq. Ri? Sq. R. Sq. 
| E87or | 349727401 18751 | 351600001 18801 | 353477604 
| 18702 | 749764804 18752] 351637504 13802 | 353515204 
13703 | 349802209 187531 351675009 18803 | 3535528091 
18704} 349839616, 187541 351712516 18304 1 353590416] 
¥S7e5 | 349877025 18755 | 391750025 18305 | 353628025) 
13706 | 349914435 18756 | 351787536 18806 | 353665636) 
18707 | 349951849 18757 1 351825049 18807 | 353703249 
18708 | 349989264 18753 | 351862564 18808 | 353740864 | 
18729 | 350026681 18759 | 351900081 18399 | 353778481 
18710} 3500641c0 18760 351937600 18819 | 353816100 
r871x} 3soltors21 18761, 351975121 13811 353853721 
18713 350133944 18762 352012644 18812 | 353891344 
18713 | 3501 76369 18763 | 352050169 18813'| 353928969 
18714] 350213796 18764 | 352087696 18814 | 353966596 
18715 350251225 18755 352125225 183815 | 35400422 
13716] 350288656 137665 | 3§2162756 18816 | 354041856 
18717 | 350326089 13767 | 3$2200289 18817 | 354079489 
18718) 350353524 18768 | 3522373824 18318) 354117124 
18719 | 350400061 18759 | 352275361 18819 | 354154761 
18720] 350438400 18770 | 352312900 18829 | 354192400 
= pean ——_—. a ae 
08721 | 350475841 18771 352350441 18821 | 354230041 
18722 | 250513284 18772 |:352387984 18822 | 354267684 
18723 | 3505 50729 18773 ) 352425529 18323 | 354305329 
18724 | 350588176 18774 | 35246 3976 188 24 | 354342076 
18725 | 350625625. 18775 352500625 | 18825) 354380625 
18726 1350663076 18776 |.3525381 76 18326! 354418276 
18727 | 350700529 18777 |.352573729 18327'| 354455529 
48728 | 350737984 18778 | 352613284 18828 | 354493534 
18729 | 350775441 187795] 352650841 1882913 54531241 
18730] 350812900. 18780 | 352688400 18330) 354568905 
18731 | 3§08503 61 18781 | 352725961 1883213 5.450656 
18732 | 350887824 18782 | 352763524 13832 | 354644224 
18733 | 350925289 18733 | 352801089 18333 1354681389 
18734 | 350962756 187384 3528 38656 18334 | 354719556 
18735 135100022 18785 352876225 18835 354757225 
£87364 351037696 | |. 18785) 352913796 1X83.6 | 354794896 
13737| 351075169 18787.) .352951359 13837 354332569 
£8738 | 351112644 18788 352988944. 18838°| 354370244 
18739| 3511 6or21 187389 | 353026521 18839 | 354907921 
48740| 351187600 18799 | 353064100. 18840 | 354945600 
18744 Z512250S1 18791 35 3TOr68t- r8841 354983381 
187421351 262564 18792 | 353139264: 18842 | 355020964 
18743 | 351300049 1879.3.1.3531 76849 TSR4311 355058549. 
18744) 351337535 18794 |.3§3214436 18844 | 355096336 
18745 | 351375025 18795. 1353252025: | | 18845 | 355134025 
187461 351412514 18796 | 353289616. 18846 | 355171716 
18747135 1459009 S797 |. 353327209 18847 | 355209409 
1.8743 1351487504 18798 | 353364804 18343 53524 7a 
(18749 | 354525001 18799.| 35 3402400 15349 | 35528480! 
18750 | 351562500 18800 |. 353440000 18850 359$2250, 
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355360201 
355397904 
355435609 
395473316 
RH SST1O2$ 
355545736 
355586449 
355624164 
395661881 
355699600 


355737321 
355775 C44 
355832769 
355850496 
755 35 0825 
355925956 
355963689 
356001424 
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3560769¢0 


aoe 
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3561901290 
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356265625 


356341129 


356378884. 


356416641 
356454400 


3564921 61 
356529924 
356567689 
356605456 
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357058816 
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357134404 
357172201 
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\3 56152384. 


18 MDM. 9 wa 


R. 
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18902 
18903 
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18907 
18908 
18909 
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1Sorr 
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18915 
T8o16 
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18918 
18919 
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18923 
18924 
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18926 
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43928 
18929 
18930 
18931 
18932 
18933 
18934 
18935 


So. 


357247°01 
357285604 
357323409 
357361216 
357399025 


35743 6836 
357474649 
357512464 
357550281 
357588100 


seer 


357625921 
357663744 
357701 569 
357739396 
357777225 
357815056 
357552889 
357890724 
357928561 
357966400 


358004241 
358042084 
358079929 
358117776 
358155625 
358193476 
358232 329 
358269184 
358307041 
358344900 
353382761 
358420624 
358458489 
3584963 56 
358534225 
358572096 
358609969 
358647844 
358685721 


3 $8723 600 


358761481 
3587993 64 
358837249 
358875136 
358913025 
358950916 
358988809 
359926704 


359064601 
359102500 


13953 
18954 


T8955) 
18956, 
18957, 
18958 | 
189594 
18960; 


Ce ee 


18961 | 359510525 
18962 | 359557444 
18963 | 359595369 
18964 | 359633296 
~ 38965 | 359671225 


| 360050645 


26081c025 | 


19000| 3610C0000 


359216209. 
359254116 
359292025 
359329936 
359367849 
359405764 
359443685 
3$9481600 


359709156 
359747089 
359785024 
3598220961 
359360900 


359898841 
359936784 
3539974729 
36001 2676 


360088576 
300126529 
3601 64484 
360202445 
360240400 


360278361 
360316324 
360354289] 
369392256 
3.60430225 
3604681 96 
360506169 
360544144 
360582127 
360620106 


360658082 
360695064 
360734049 
3607720365 


360924004} 
360962001 


ee 


19 MN, 19 M. ig 1 ee 
el) °.. (ae 
LQCOT | 261038001 I9OST | 362942601 I9tor 364348501 | 
19002 | 361076004 T9052! 362978704 19102 | 364886404 
19003 | 36111 g00y T9053 | 363016809 T9103 | 364924604 | 
F9004/361152016 T9954) 363054016 tOmon 364962816 | 

| 19005 | 361190025 19955 | 363093025 19105 | 365001025 
19006 | 361228036 TIOSO| 363131136 19106 | 365039236 
19007 | 361266049 19057 | 363169249 © 19107 | 365077449 
119008 | 361 304064 19058 | 363207364 19108 | 36511 5664 
19009 | 361 342081 19059) 363245481 T9109 | 365153881 
19010} 361380100 19060 263283606 19110] 365192100 

——— ees Oe be a a bt ee SS nea 
LOOTE | 361418121 1906! | 363321721 T9111 | 365230321 
T9OT2 | 361456144 19062! 363350844 T9112 | 365268544 
19013 | 361494169 19063 | 363397969 T9113 | 365306769 
TOOTS! 361532196 © 19064) 363436096 19114 | 365344996 
1901S | 361570225 19065 | 363474225 TOTS | 365383225 
T9016 | 361608256 19966 | 363513356 19116 | 365421456 
19017 | 361646289 19967 | 363550489 19117| 365459689 
19018 | 361684324 19068 | 363588624 19118 | 365497924 
T9019! 361 72236r 19069 | 363626761 T9TI9 | 365536164 
19020 | 361760460 £9079 | 363664900 19120 | 395574400 
a a Sees Se ——— ——— 
19021 | 361798441 19071 | 363703041 T9121 | 365612641 
19022 | 361836484 19072 | 363741184 191232 | 365550884 
19023.| 361874529 19073 | 363779329 19123 365689129 
19024'| 361912576 19074 | 363817476 19124 | 365727376 
19025 1361950625 T9075 | 363855625 19125 1365765625 
T9026 | 361988676 19076) 363893776 19126 | 365863876 
19027 | 362026729 19077 | 363931929 19127 | 365842129 
19028 | 362064784 19078 | 363970084 19128] 365880384 
19029 362102841 19079 | 364008241 19139 36591 864% 
19030 362140900 19080 364046406 19130 365956900 
L903! | 362178961 19081 | 364084561 T9131 | 395995164 
19032 362217024 19082 | 364122724 19132 366033424 
19033 | 362255089 1 9083 | 364160889 19133 | 396071689 
19034 | 362293156 19084 | 364199056 19134 | 366109956 
119035 | 362330225 19085 | 364237225 19135 | 366148225 
19036 | 3623592096 19086 | 364275396 19136 | 366186495 | - 

| 29037 362407369 19087 | 364313569 19137 | 366224769 
| 19038 | 362445444 19088 | 3643 51744 19138 | 366263044 
19039 | 362483521 19089 | 364389921 19139] 366301321 
19040 362521600 19090 | 364428100 19140 | 366339600 
1904E | 362559681 TYO9T | 364466281 19141 366377881 
T9042 | 362597764 TI092 1364594464 19142 | 356416164 
19043 | 362635849 19093°) 364542649 19143 | 366454449 
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